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SUMMARY
AN INVESTIGATION OF SCOTTI3H SEOONDATY SCHOOL PUPILS* LEARNING 
DIFFICULTIES WITH THE CONCEPTS OF CURRENT, POTENTIAL DIFFERENCE AND
RESISTANCE
E l e c t r i c i t y  i s  a to p ic  w ith in  th e  S c o t t is h  H igher Grade 
S y llab u s  in  p h y s ic s  which p re s e n ts  d i f f i c u l t y  to  many p u p i l s .  I t  may 
a l s o  be th e  to p ic  which d e te r s  some p u p ils  from c o n tin u in g  to  s tu d y  
p h y s ic s  beyond secondary  sc h o o l.
T h is s tu d y  i n i t i a l l y  s e t  ou t to  in v e s t ig a t e  pupils-* under­
s ta n d in g  o f  p o te n t i a l  d i f f e r e n c e ,  e l e c t r i c  c u r re n t  and r e s i s ta n c e  a s  
found in  f i r s t  and second y e a rs  o f  secondary  sch o o l (age  12 to  Ik  y e a rs )  
and then  in  fo u r th  and f i f t h  y e a rs  (age 16 to  1? y e a r s ) • I t  l a t e r  
in c lu d e d  a s h o r t  in v e s t ig a t io n  o f  th e  knowledge o f e l e c t r i c i t y  p o sse ssed  
by p rim ary  sch o o l p u p ils  who had no fo rm al sc ie n c e  te a c h in g  aged 11 to  
12 y e a r s .  The concep t o f  p o te n t i a l  d i f f e r e n c e  p re se n te d  th e  g r e a t e s t  
d i f f i c u l t y  to  p u p l i s  a t  a l l  s ta g e s ,  w ith  th e  concep t o f  r e s i s ta n c e  
fo llo w in g  c lo s e ly  b eh in d .
The method adop ted  f o r  each o f  th e  in v e s t ig a t io n s  was an 
open ended q u e s t io n n a ir e .  T his method was s e le c te d  in  p re fe re n c e  to  a 
m u l t ip le  c h o ic e  t e s t  to  avo id  r e s t r i c t i n g  pupils-* re sp o n se s  to  th e  
q u e s tio n s  and hence o b ta in  as- much in fo rm a tio n  a s  p o s s ib le  ab o u t how 
well, th ey  can e x p la in  and u se  e l e c t r i c a l  concep ts  and r e la t io n s h ip s .
From t h i s  s ta n d p o in t i t  was- s u c c e s s fu l ,  though, s in c e  machine m arking 
wa,s n o t p o s s ib le ,  i t  did n o t lend i t s e l f  to  s o p h is t ic a te d  item  a n a ly s is  
o r  to  use w ith  a  la rg e  p o p u la tio n .
P u p ils  re sp o n ses  appeai'ed to  be a f f e c te d  to  some e x te n t  by 
th e  le a rn in g  e x p e rien ces  to  which th ey  had been exposed. Some l im i ta t io n s  
were found which m ight be a t t r i b u t e d  to  te a c h e r  e x p e rie n c e , f o r  example 
i ^ a  n o n -p h y s ic is t  had ta u g h t e l e c t r i c i t y  in  y e a r  1 (though t h i s  was n o t
alw ays th e  c a s e ) ,  o r  to  schoo l p o lic y .
P u p ils  appeared, to  have d i f f i c u l t y  in  c o n s id e r in g  each o f
th e  co ncep ts  o f  p o te n t ia l  d i f f e r e n c e ,  e l e c t r i c  c u r r e n t  and r e s is ta n c e  
on i t s  own. T his is- p a r t i c u l a r l y  t r u e  o f  r e s is ta n c e  w hich tends- to  be 
d e f in e d  in  te rm s  o f  p o te n t i a l  d if f e re n c e  and c u r r e n t .  There would appea. 
to  be a  nekL f o r  te a c h in g  s t r a t e g i e s  which se p a ra te  th e  th re e  concep ts  
and lo o k  a t  them a s  f a r  a s  p o s s ib le  in  i s o l a t i o n .
From th e  in v e s t ig a t io n s  recom m endations have emerged f o r  a 
p rim ary  sch o o l co u rse  on e l e c t r i c i t y ;  a  r e v is io n  o f th e  s y lla b u s  f o r  
th e  S c o t t is h  In te g r a te d  Science Course, S e c tio n  7» and  changes in  
nom enclatu re to  r e p la c e  th e  term s e .m .f .  and p o te n t i a l  d i f f e r e n c e  which 
m ight be used  in  th e  S c o t t is h  C e r t i f i c a te  o f  E duca tion  O rdinary  and 
H igher Grade p h y s ic s  co u rse  on e l e c t r i c i t y .
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C H A P T E R  O N E
I1 . INTRODUCTION
E l e c t r i c i t y  i s  w idely  recognised, a s  a to p ic  which p re s e n ts  
d i f f i c u l t y  to  p u p il s  in  schoo l and s tu d e n ts  in  h ig h e r  e d u c a tio n , f to s t 
educa ted  laymen adm it to  an i n a b i l i t y  to  u n d ers tan d  i t  and on th e  whole 
la c k  th e  co n fid en ce  to  connec t up f?~ irly  sim ple c i r c u i t s .  C a lc u la tio n s  
f o r  e l e c t r i c a l  c i r c u i t s  tend n o t to  be w e ll done and v e ry  o f te n  re v e a l 
th e  same m isconcep ts  among p u p ils  from many d i f f e r e n t  sc h o o ls .
I f  however, th e  co ncep ts  and r e la t io n s h ip s  have been m astered  
th e re  i s  a  p r e d i c t a b i l i t y  p o s s ib le  in  e l e c t r i c a l  c i r c u i t s  which i s  a u i te  
a t t r a c t i v e .  T his p ro v id e s  some o f th e  m o tiv a tio n  to  make t h i s  power o f  
p re d ic t io n  a v a i la b le  to  more p u p ils  and s tu d e n ts .
I n  S co tlan d , e l e c t r i c i t y  i s  ta u g h t from a r e l a t i v e l y  e a r ly  
S tage in  th e  cu rr ic u lu m . The f i r s t  exposure i s  d u rin g  th e  f i r s t  y e a r  o f 
secondary  e d u c a tio n  around age 12 y e a rs . Hie second exposure can be in  
th e  second y e a r  and may be th e  l a s t  f o r  p u p ils  who ta k e  no more s c ie n c e . 
W hether t h i s  i s  a s u f f i c i e n t  p ro v is io n  f o r  a d u l t  l i f e  i s  d e b a ta b le , g iven 
t h a t  much o f  what we le a r n  a t  t h i s  s ta g e  w i l l  be fo rg o t te n  in  fav o u r o f 
m a te r ia l  s tu d ie d  l a t e r .
P u p ils  who ta k e  *0' g rade p h y s ic s  w i l l  o f co u rse  s tu d y  
e l e c t r i c a l  co n cep ts  in  tn i r d  and fo u r th  y e a r  and ag a in  f o r  many t h i s  w il l  
be th e  l i m i t  o f  t h e i r  c o n ta c t w ith  them. For th o se  who ta k e  *11' grade 
p h y s ic s  th e re  w i l l  be an o p p o r tu n ity  to  have more p r a c t ic e  in  ap p ly in g  
th e  con cep ts  and exposure to  a d d i t io n a l  m a te r ia l  which may o r  may n o t 
a s s i s t  u n d e rs ta n d in g  o f  them.
The m o tiv a tio n  f o r  t h i s  re s e a rc h  came from th e  w r i t e r s  own 
good fo r tu n e  to  have some f a c i l i t y  w ith  th e  concep ts  re q u ire d  to  u n d er­
s tand  e l e c t r i c a l  c i r c u i t s  a s  a sch o o l p u p il  -  a  f a c i l i t y  which led  to  
a  c a re e r  in  p h y s ic s , b u t a ls o  a re c o g n itio n  th a t  t h i s  f a c i l i t y  was n o t
2sh ared  by a l l  p u p ils  and indeed  by many s c i e n t i s t s  in  o th e r  d i s c ip l in e s .
This im pressio n  was confirm ed by a r e p o r t  (Johnstone  and H ughol,1976) ( l )  
which d e sc r ib e d  an in v e s t ig a t io n  to  e s ta b l i s h  which o f th e  concep ts 
ta u g h t in  sch o o l p h y s ic s  were p ro v in g  troub lesom e so t h a t  f u r th e r  s y s te m a tic  
s tu d y  could be made in to  th e  cause o f  d i f f i c u l t y .  The two p a r t i c u l a r  
a re a s  o f d i f f i c u l t y  o f i n t e r e s t  to  th e  w r i te r  which were h ig h l ig h te d  were 
th e  '*idea o f  r e s is ta n c e "  and th e 'V iiffe re n c e  between e .m .f .  and p . d . " .
The concep t o f r e s i s ta n c e  i s  in tro d u c e d  from th e  f i r s t  y e a r  
o f  secondary  ed u ca tio n  onwards. In  s p i t e  o f  t h i s  th e re  ap p ea rs  to  be 
a la c k  o f  f a c i l i t y  in  d e s c r ib in g  what i s  understood by th e  r e s is ta n c e  o f 
a  co nducto r which i s  found a t  a. 11 s ta g e s .
P o te n t ia l  d if f e re n c e  i s  in tro d u ced  a s  v o lta g e  in  f i r s t  and 
second y e a r  and ag a in  th e  concep t ap p ea rs  to  be u n c le a r . I t  may be t h a t  
what i s  ta u g h t has much to  do w ith  t h i s .
E .K .F . i s - n o t  in tro d u c e d  u n t i l  th e  f i f t h  y e a r  a s  p a r t  o f 
th e  *II* grade c o u rse . I t  i s  th e re fo re  perhaps in a p p ro p r ia te  to  c o n s id e r  
i t  in  a  l i s t  p re se n te d  to  p re -0  g rade p u p i l s .  However i t  i s  re p o r te d  a s  
p re s e n tin g  d i f f i c u l t y  among more m ature s tu d e n ts  (F ag e ,1977) (2 ) and 
g rad u a te  e n g in e e rs .
This work has c h ie f ly  been co n sid e red  in  a S c o t t is h  c o n te x t, 
b u t a s  i t  p ro g re ssed  i t  ap p ea rs  to  have in t e r n a t io n a l  im p lic a tio n s  in  the  
E n g lish  speak in g  w orld .
1 .1  C u rr ic u la  and O b jec tiv es
Since 19&9, cu rricu lu m  developm ent in  sc ie n c e  in  Scotland  
has been c h a ra c te r is e d  by a tte m p ts ' to  s e t  o b je c tiv e s  f o r  v a rio u s  p a r t s  o f 
th e  co u rse s  ta u g h t.  Tne f i r s t  such a tte m p t i s  to  be found in  Curriculum  
P aper No.7» "Science f o r  G eneral E ducation  "(S .E .D . 19&9) (.3 ) which p ro v id 'd  
s p e c i f i c  o b je c tiv e s  f o r  each o f  th e  f i f t e e n  s e c tio n s  o f  th e  sc ien ce  
cu rricu lum  f o r  y e a rs  one and two -  th e  S c o tt is h  In te g ra te d  Science Course.
These o b je c t iv e s  have on th e  whole been r e ta in e d  in  l a t e r  c u r r ic u la  
dev ised  f o r  th e se  two y e a rs ,  b u t on o ccasio n s  th e  a b i l i t y  o f  th e  p u p ils  
who should  be a b le  to  ach iev e  them has been s p e c if ie d .
In  more r e c e n t  y ea rs  (S .E .D . 1 9 7 7 )(^ )  s p e c i f i c  o b je c t iv e s  f o r  
O rdinary  Grade p h y s ic s  were p u b lish e d . These p ro v id e  a  u s e fu l  gu ide to  
what i s  expected  n a t io n a l ly  and make i t  p o s s ib le  to  a s s e s s  how w ell th e  
o b je c t iv e s  a re  b e in g  a ch iev ed .
The to p ic  o f  e l e c t r i c i t y  i s  f i r s t  in tro d u ced  in  s e c tio n  7 o f  
th e  S c o t t is h  In te g ra te d  Science Course. Hie o b je c tiv e s  which were s e t  down 
f o r  t h i s  s e c t io n  in  Curriculum  P aper No.7 a re  g iven  below*
P u p ils  shou ld  a c q u ir e ,
1 . th e  knowledge th a t  th e re  a re  on ly  two ty p es  o f  e l e c t r i c  charge 
c a l le d  p o s i t i v e  and n e g a tiv e
2 . th e  knowledge th a t  c u r re n t  i s  a flow  o f e le c t r o n s
3 . knowledge o f  c e r ta in  b a s ic  f a c t s  ab o u t c u r r e n t ,  v o lta g e  and
r e s is ta n c e  in  s im ple  d .c .  c i r c u i t s
a b i l i t y  to  a p p ly  th e  above knowledge in  new problem  s i tu a t io n s
a b i l i t y  to  work w ith  m u ltip le  v a r ia b le s  in  th e s e  experim ents
6 . a b i l i t y  to  g e n e ra l is e  from p a r t i c u l a r  o b se rv a tio n s  in  sim ple 
e l e c t r i c a l  c i r c u i t s
7. a b i l i t y  to  form a th e o ry  r e l a t i n g  c u r re n t  to  v o lta g e  u s in g  
observed phenomena
8,, aw areness: o f  danger in  u s in g  mains e l e c t r i c i t y
9 . s k i l l s  in  sim ple w ir in g  te c h n iq u e s .
When t h i s  s e c tio n  was re v is e d  in  197? "hy a w orking p a r ty  s e t  
up by th e  S c o tt is h  C e n tra l Committee on Science (S .C .C .S .) (5 ) th e  o b je c tiv  
s e t  were very  s im i la r .  Some were however a ss ig n ed  to  a l l  p u p ils  and o th e rs
a ss ig n ed  to  th e  av erag e  and more a b le  p u p i l s .  I b i s  d i f f e r e n t i a t i o n  was
to  a llow  f o r  th e  use  o f  th e  s y lla b u s  to  te ach  a l l  p u p ils  in  com prehensive 
s c h o o ls . The re v is e d  o b je c tiv e s  became*
kA ll p u p ils  shou ld  a c q u ire :
1 . th e  knowledge th a t  th e re  a re  two ty p e s  o f  charge c a l le d  
p o s i t iv e  and n e g a tiv e
2 . th e  knowledge t h a t  c u r re n t  i s  a  flow  o f charge ( e le c t r o n s )
3 . knowledge o f  c e r ta in  b a s ic  f a c t s  ab o u t c u r r e n t ,  v o lta g e , and 
r e s i s ta n c e  in  sim ple d .c .  c i r c u i t s
a b i l i t y  to  app ly  th e  above knowledge to  everyday s i tu a t io n s
aw areness of danger in  u s in g  e l e c t r i c i t y
6 . s k i l l s  in  sim ple w ir in g  te ch n iq u es
7 . a b i l i t y  to  form a th e o ry  r e l a t i n g  c u r re n t  to  v o lta g e  u s in g
observed phenomena.
The av e rag e  and above average p u p ils  shou ld  a ls o  a c q u ire :
8 . a b i l i t y  to  ap p ly  th e  b a s ic  knowledge o f th e  s e c tio n  in  new
problem  s i tu a t io n s
9* a b i l i t y  to  work w ith  m u ltip le  v a r ia b le s  in  such s i tu a t io n s
■ 10 , a b i l i t y  to  g e n e ra l is e  from p a r t i c u l a r  o b se rv a tio n s  in  sim ple
e l e c t r i c  c i r c u i t s .
Along w ith  th e se  o b je c tiv e s  th e  b a s ic  concep ts  to  be a cq u ired  
in  t h i s  s e c t io n  a re  g iven  a s  charge , c u r r e n t ,  r e s i s ta n c e ,  v o lta g e , 
co n d u c to rs  and in s u la to r s ,  and e l e c t r i c a l  c i r c u i t .
W ithin t h i s  s e c t io n ,  le s so n  o b je c t iv e s  a re  a ls o  g iv e n . For 
th e  le sc o n  in tro d u c in g  th e  concep t o f  re s is ta n c e ," 'O p p o s in g  th e  c u r r e n t" ,  
th e  o b je c t iv e s  a re :
P u p ils  shou ld  be a b le  t o : -
1 , d e f in e  r e s is ta n c e  in  term s o f  th e  a b i l i t y  o f  a  s o l id  uo 
red u ce  th e  c u r re n t  in  a s e r ie s  c i r c u i t
2 . i d e n t i f y  a  r e s i s t o r  a s  an o b je c t  which has r e s is ta n c e
3* s t a t e  t h a t  th e  r e s is ta n c e  o f a  w ire depends d i r e c t l y  on i t s
le n g th
s t a t e  th a t  th e  c u r re n t  in  a  s e r i e s  c i r c u i t  depends on th e  
c i r c u i t  r e s i s ta n c e .
53 . id e n t i f y  a v a r ia b le  r e s i s t o r
6 . id e n t i f y  a  v a r ia b le  r e s i s t o r  a s  a w ire w ith  a  s l id i n g  c o n ta c t
7 # g iv e  sim ple a p p l ic a t io n s  o f a v a r ia b le  r e s i s t o r
8 . connect a  v a r ia b le  r e s i s t o r  in to  a  s e r i e s  c i r c u i t  to  c o n tro l
th e  b r ig h tn e s s  o f  a  bu lb
The f i r s t  two o b je c t iv e s  in  t h i s  l i s t  a re  th e  key ones in  any
t e s t  o f  m astery  o f  th e  co n ce p t. For p u p ils  a t  t h i s  s ta g e  however th e y
demand a le v e l  o f  th o u g h t and language f o r  which many may n o t be r e a d y
The’ le s s o n  on v o lta g e ,  "P ush ing  th e  c u r r e n t" ,  has th e  o b je c t iv e s
P u p ils  should  be a b le  t o i -
1 . s t a t e  t h a t  in c re a s in g  th e  number o f  b a t t e r i e s  in  a  s e r i e s  
c i r c u i t  in c re a s e s  th e  c u r r e n t
2 . d e f in e  v o lta g e  a s  * e l e c t r i c a l  p u sh 1
3. s t a t e  t h a t  an in c re a s e  in  th e  number o f  b a t t e r i e s  in  a  c i r c u i t  
le a d s  to  an in c re a s e  in  th e  v o lta g e
k ,  s t a t e  t h a t  th e  v o lta g e s  o f b a t t e r i e s  connected  in  o p p o s itio n
•cancel*
3* connect a  v o ltm e te r  c o r r e c t ly  a c r o s s  a  d . c .  power source
6 . m easure th e  v o lta g e s  o f  b a t t e r i e s  w ith  a v o ltm e te r .
The key o b je c t iv e  a s  f a r  a s  th e  concep t o f v o lta g e  i s  th e  
second one in  th e  l i s t .  U n fo rtu n a te ly  a s  s ta t e d ,  t h i s  cou ld  le a d  to  
a  m isco n cep tio n . I f  we d e s c r ib e  v o lta g e  a s  an ’e l e c t r i c a l  push* we a re  
le a d in g  p u p ils  to  see  i t  as- a fo rc e  to  be measured in  new tons. In  f a c t  
v o lta g e  i s  th e  enorgy given  to  u n i t  charge and can be measured in  jo u le s  
p e r  coulomb.
F o r tu n a te ly  t h i s  m isconcep t has been rem edied in  Memorandum
No.^+2, Science in  SI and S2 (S .G .D .S . 1980) (6 )  in  which v o lta g e  i s  r e f e r  ' i
to  a s  ’p re s s u re * . This i s  th e  t r u e  m echanical analogue f o r  v o lta g e  a s
i t  can be co n sid e red  to  be m easured in  jo u le s  p e r  cu b ic  m e tre . This
analogue w i l l  be d isc u sse d  l a t e r .
I t  m ust be conceded however t h a t  p re s su re  i s  in  tu rn  a
d i f f i c u l t  co n cep t. I t  would th e re fo re  be b e t t e r  to  te a c h  v o lta g e  from 
an energy s ta n d p o in t to  beg in  w ith  u s in g  th e  background and language 
e s ta b l is h e d  in  s e c t io n  3 o f th e  In te g ra te d  S cience C ourse. A s u i ta b le  
analogue has been developed ( J e f f r e y  1979) (7)  'wftich a llo w s  a lo g ic a l  
d is c u s s io n  o f  v o lta g e  to  be c a r r ie d  o u t a t  a l l  s ta g e s  in  term s o f  energy . 
T his w i l l  be d isc u sse d  in  more d e t a i l  l a t e r .
Mary te a c h e rs : f in d  t h a t  p u p ils  have d i f f i c u l t y  in  d i f f e r e n t ­
i a t i n g  between s e r i e s  and p a r a l l e l  c i r c u i t s .  There ap p ea rs  to  be a p o s s ib le  
so u rce  o f  t h i s  d i f f i c u l t y  in  ou r use o f  i d e n t i c a l  b u lb s  when te a c h in g  
b o th  ty p e s  o f  c i r c u i t .  This p o s s ib le  co n fu sio n  i s  h ig h l ig h te d  in  th e  g iven  
le sso n  o b je c t iv e s .
I n  th e  le s so n  to  in tro d u c e  th e  c h a r a c t e r i s t i c s  o f  s e r ie s  
c i r c u i t s  th e  o b je c t iv e s  a re  g iven  as*
A fte r  th e s e  a c t i v i t i e s  p u p i ls  shou ld  be a b le  to*
1 . id e n t i f y  a s e r ie s  c i r c u i t
2 . s t a t e  t h a t  s im i la r  b u lb s  connected  in  s e r i e s  a re  e q u a lly
b r ig h t
3 . s t a t e  t h a t  th e  c u r r e n t  in  a s e r ie s ,  c i r c u i t  is ;  th e  same a t
a l l  p o in ts
s t a t e  th a t  an in c re a s e  in  th e  number o f  b u lb s  in  a  s e r ie s  
c i r c u i t  le a d s  to  a  d e c re a se  in  b u lb  b r ig h tn e s s  and c u r re n t
5 . d e m o n s tra te ,e x p e r im e n ta lly , t h a t  s im i la r  b u lb s  in  s e r i e s  
a r e  e q u a lly  b r ig h t
6 . connec t an ammeter c o r r e c t ly  in to  a  s e r ie s  c i r c u i t .
The second and th i r d  o b je c tiv e s  in  th e  l i s t  in d ic a te  th e  main ways in  
which p u p ils  would d e s c r ib e  a s e r i e s  c i r c u i t .  There i s  a d anger however 
t h a t  th e y  w i l l  ex p ec t a l l  b u lb s  in  s e r i e s  to  be e q u a lly  b r ig h t .
I f  we now compare t h i s  l i s t  w ith  th e  one f o r  th e  le s s o n  in tro d u c in g  
p a r a l l e l  c i r c u i t s  we f in d  th e  o b je c tiv e s*
A fte r  th e se  a c t i v i t i e s  p u p ils  should  be a b le  to*
1 . id e n t i f y  a  sim ple p a r a l l e l  c i r c u i t
2 . s t a t e  t h a t  s im i la r  bu lbs in  p a r a l l e l  a re  e q u a lly  b r ig h t
73 . s t a t e  t h a t  th e  c u r r e n t  from a  b a t te r y  in c re a s e s  as  b u lb s  a re
added in  p a r a l l e l
4 . d e m o n s tra te ,e x p e r im e n ta lly , t h a t  s im i la r  bu lbs in  p a r a l l e l
a re  e q u a lly  b r ig h t .
Comparing th e  second o b je c t iv e s  in  each l i s t  we f in d  th a t  in  
one le s s o n  th e  p u p ils  have been ta u g h t t h a t  s im i la r  bu lbs connected  in  
s e r i e s  a r e  e q u a lly  b r ig h t  and in  th e  one which p ro b ab ly  fo llo w s i t  t h a t  
s im i la r  b u lb s  connected in  p a r a l l e l  a re  e q u a lly  b r ig h t .  Both o f which 
a r e  p e r f e c t ly  c o r r e c t  b u t o b v io u sly  very  c o n fu s in g .
F u r th e r  c h a r a c te r ! s t i e s  a r e  in v e s t ig a te d  by th e  average and
more a b le  p u p ils  b u t s t i l l  th e  im p o rta n t d if f e re n c e  between s e r ie s  and
p a r a l l e l  c i r c u i t s  i s  n o t b rou g h t o u t a s  we find*
A fte r  th e se  a c t i v i t i e s ;  th e  average  and above av erag e  p u p i l s  shou ld  be a b le  
to*
1 . s t a t e  t h a t  th e  c u r re n t  d iv id e s  between th e  b ranches o f a
p a r a l l e l  c i r c u i t
2 . s t a t e  t h a t  th e  c u r re n t  is ; th e  same in  two branches o f  a  p a r a l l e l
c i r c u i t  c o n ta in in g  s im i la r  bu lbs
3 . measure c u r r e n t  w ith  an ammeter
4 .  connect an ammeter c o r r e c t ly  in to  each p a r t  o f  a  p a r a l l e l
c i r c u i t  c o n ta in in g  two b a t t e r i e s  and two b u lb s .
The b a s ic  problem ap p ea rs  to  be t h a t  up to  t h i s  s ta g e  in  th e  
s e c t io n  a l l  te a c h in g  has been done in  term s o f  th e  c u r re n t  o r  c u r re n ts  in  
th e  c i r c u i t s .  We th e re fo re  do n o t id e n t i f y  t h a t  th e  v o lta g e  i s  th e  same 
a c ro s s  a l l  th e  bu lbs which a re  connected  in  p a r a l l e l  and th a t  each lamp 
w i l l  have th e  b r ig h tn e s s  i t  would have i f  i t .  a lone  were connected  to  th e  
b a t te r y .  P a r a l l e l  c i r c u i t s  should  th e re fo re  be ta u g h t u s in g  n o n - id e n t ic a l  
b u lb s  to  h ig h l ig h t  t h i s .
I t  would ap p ea r t h a t  a r e -o rd e r in g  o f  t h i s  s e c t io n  cou ld  be 
u s e fu l and we s h a l l  c o n s id e r  t h i s  in  more d e t a i l  l a t e r .
S p e c if ic  o b je c t iv e s  f o r  O rdinary Grade p h y s ic s  were p u b lish e d  
in  Memorandum 31 by th e  S c o tt is h  Curriculum  Development S e rv ice  in  1 9 7 7 (4 ). 
Some o f  th e  c o g n it iv e  o b je c tiv e s  g iven  in  Memorandum 31 m ost r e le v a n t  to  
th is-  s tu d y  a re  g iven  below*
P u p ils , shou ld  a c q u ir e  th e  a b i l i t y  to*
a . r e c a l l  t h a t  th e  p o te n t ia l  d i f f e r e n c e  (p » d .)  between two p o in ts  
i s  a  m easure o f  th e  work th a t  has to  be done to  move one coulomb o f  charge 
from one p o in t  to  a n o th e r
b . r e c a l l  t h a t  i f  1 jo u le  o f  work has to  be done to  move 1 coulomb
o f charge from one p o in t  to  a n o th e r  th e  p .d .  between th e  p o in ts  i s  1 v o l t
c . r e c a l l  th a t  1 coulomb i s  th e  charge t h a t  p a sse s  when 1 ampere
flow s f o r  1 second
dfc r e c a l l  t h a t  th e  ampere can be d e f in e d  in  te rm s o f  th e  fo rc e s
th a t  c u r r e n t  c a r ry in g  co nducto rs  e x e r t  on each o th e r
e . r e c a l l  t h a t  f o r  most co nducto rs  a t  c o n s ta n t tem p era tu re  the
c u r re n t  th rough  th e  conducto r v a r ie s  d i r e c t l y  a s  th e  p .d .  a c ro s s  i t  (uhm 's 
Law)
f .  c a lc u la te  th e  e q u iv a le n t r e s is ta n c e  o f  a  number o f  r e s i s t o r s  
in  s e r i e s
g . c a lc u la te  th e  e q u iv a le n t r e s is ta n c e  o f  n o t more th a n  th r e e  
r e s i s t o r s  in  p a r a l l e l
h . so lv e  problem s in v o lv in g  c u r r e n ts ,  v o lta g e s  ( p . d . ’s )  and 
r e s i s ta n c e  in  sim ple d .c .  c i r c u i t s
i .  use th e  fo llo w in g  te rm s c o r r e c t ly  in  con tex t*  c h a r g e ,e l e c t r i c  
f i e l d ,  p o t e n t i a l ,  p o te n t i a l  d i f f e r e n c e ,  v o lta g e , v o l t ,  coulomb, c u r r e n t ,  
am pere, r e s i s ta n c e ,  ohm, s e r ie s ',  p a r a l l e l ,  r e s i s t o r ,  co n d u c to r.
The su ccess  o f  p u p ils  in  m eeting  th e se  o b je c tiv e s , a p e a rs  to  
be v a r ia b le  and c e r t a in ly  m e ri ts  f u r th e r  s tu d y .
1 .2  PROBLEMS OF INTELLECTUAL DEVELOPMENT
The concep ts  a s s o c ia te d  w ith  th e  s tu d y  o f e l e c t r i c i t y  
in c lu d e  charge , c u r r e n t ,  r e s i s ta n c e ,  v o lta g e , co n d u c to rs  and in s u la to r s ,  
e l e c t r i c a l  c i r c u i t ,  energy and power. Most o f th e se  a re  b u i l t  up on 
th e  b a s is  o f  i n d i r e c t  o b se rv a tio n  which in v o lv e s  a b i l i t y  to  make 
a b s t r a c t io n s  and evolve a p p ro p r ia te  d e s c r ip t io n s  and r e la t io n s h ip s .
We must th e re f o r e  c o n s id e r  w hether many p u p ils  a re  in  f a c t  ready  to  
make th e  n ece ssa ry  a b s t r a c t io n s  and co n n ec tio n s  when we t r y  to  te ach  
th e  to p ic .
The work o f P ia g e t  g iv es  us some p o in te r s  which a re  very  
u s e f u l .  In  th e  age group which concerns u s , he i d e n t i f i e s  two main 
s ta g e s  o f  th in k in g  -  c o n c re te , which i s  th e  p r in c ip a l  mode o f th in k in g  
f o r  u pper p rim ary  p u p i l s ,  and a b s t r a c t  (o r  fo rm a l)  which i s  a 
p o s s ib le ,  mode o f th in k in g  fo r  upper secondary  p u p i l s .
In  th e  c o n c re te  s ta g e  re a so n in g  depends on o p e ra tin g  on 
a c tu a l  o b je c ts  and in  th e  s c i e n t i f i c  c o n te x t,  experim ents g iv in g  
r e a d i ly  i d e n t i f i a b l e  d a ta .  In  th e  a b s t r a c t  o r  form al s ta g e ,  hypo theses 
can be ev a lu a te d  and d isc u sse d  w ith o u t r e fe re n c e  to  a c tu a l  o b je c ts  o r  
d a ta .
Renner (1976) (8 ) has shown t h a t  p u p ils  who a re  n o t capab le 
o f  form al thou g h t perform ed bad ly  in  m athem atical q u e s tio n s  in v o lv in g  
r a t i o s  and p e rc e n ta g e s . In  te a c h in g  e l e c t r i c i t y ,  we have th e  problem  
t h a t  one o f  th e  key co n ce p ts , p o te n t ia l  d if i 'e r e n c e ,  in v o lv e s  a r a t i o  -  
p o te n t ia l  d if f e re n c e  i s  energy  p e r  u n i t  ch arg e .
The w r i te r  has observed  t h a t  s tu d e n t te a c h e rs  a re  o f te n  
g u i l ty  o f  d is c u s s in g  concep ts and problem s a t  fo rm al le v e l  w ith  p u p i l s  
who a re  s t i l l  o p e ra t in g  a t  th e  co n c re te  l e v e l  w ith  a  r e s u l t a n t  f a i l u r e  
in  com m unication. I f  more c o n c re te  exam ples a re  p rov ided  and con cep tu a l 
models a re  b u i l t  up in  sm all s te p s ,  th e  p u p ils  a re  found to  cope.
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R osalind  D riv e r  (1931) (9 ) draws our a t t e n t io n  to  th e  id e a  
th a t  " p u p ils  b r in g  to  t n e i r  sch o o l le a rn in g  in  s c ie n c e , e x p e c ta t io n s  
and b e l i e f s  co n cern ing  n a tu ra l  phenomena which they  have developed  to  
make sense  o f  t h e i r  own p a s t  e x p e rie n c e s . These a l t e r n a t e  fram ew orks, 
in  some case s  s tro n g ly  h e ld  and r e s i s t a n t  to  change, in  o th e rs  f l e x ib le  
and w ith  many in t e r n a l  in c o n s i s te n c ie s ,  have t h e i r  in f lu e n c e  on th e  
e f f e c t iv e n e s s  o f  fo rm al schoo l sc ie n c e  program m es." While exam ples 
g iven  o f " a l t e r n a te  fram ew orks" a t e  from to p ic s  o th e r  than  e l e c t r i c i t y ,  
we can v i s u a l i s e  u se s  o f language and concep ts  o f e l e c t r i c  c i r c u i t s  
which cou ld  a f f e c t  p u p i l s ’ a b i l i t y  to  b u ild  e l e c t r i c a l  co n cep ts  such as  
v o lta g e , c u r re n t  and r e s is ta n c e  from the. o b se rv a tio n s  th e y  have made.
From h e r  a n a ly s is  o f th e  s e le c te d  examples o f  a l t e r n a t e  
fram eworks, D riv e r i d e n t i f i e s  fo u r  p o s s ib le  im p lic a t io n s  f o r  classroom  
p r a c t ic e .
1 . Curriculum  developm ent in  sc ie n c e  needs to  pay a s  much a t t e n t i o n  
to  th e  s t r u c tu r e  o f thou g h t o f  th e  c h i ld  a s  i t  has r e c e n t ly  p a id  
to  th e  s t r u c tu r e  o f th e  d i s c ip l in e s  in  o rg a n is in g  le a rn in g  
e x p e rie n c e s .
2 . Teaching programmes may need to  be s t r u c tu re d  so a s  to  be more 
in  keep ing  w ith  th e  developm ental p a th  in  u n d e rs tan d in g  
im p o rta n t s c i e n t i f i c  id e a s .  Ihe  lo g ic a l  o rd e r  of te a c h in g  a 
to p ic  may n o t correspond  to  th e  p sy c h o lo g ic a l o rd e r in  le a rn in g .
3* A c t iv i t i e s  in  sc ie n c e  need to  in c lu d e  th o se  which enab le  p u p ils
to  d isp ro v e  a l t e r n a t e  i n t e r p r e ta t io n s  as w e ll a s  a f f irm  acc ep ted  
ones.
We need Po in c lu d e  o p p o r tu n i t ie s  f o r  p u p i ls  to  th in k  th rough  th e  
im p lic a tio n s  o f o b se rv a tio n s  and measurements made in  sc ie n c e  
le s s o n s .  We must r e a l i s e  t h a t  our e x p la n a tio n s  do n o t s p r in g  
c l e a r ly  from th e  d a ta .
Any one o f th e se  fo u r  p o in ts  may be a p p lie d  to  th e  te a c h in g  
o f e l e c t r i c i t y ,  and in  p a r t i c u l a r  w ith  re fe re n c e  to  3 and 4 , le s s o n s
can be d esigned  to  t e s t  p reconceived  id e a s  which may be wrong and show 
them to  be so , b e fo re  b u i ld in g  up th e  c o r r e c t  in t e r p r e t a t i o n s  o f 
e l e c t r i c a l  c i r c u i t s ,  and to  g ive tim e to  b u ild  up th e  d i f f i c u l t  concep ts  
l i k e  v o lta g e  and r e s i s ta n c e .
M arcia L inn (10) has shown t h a t  lo g ic a l  re a so n in g  can be 
f r u s t r a t e d  by a  number o f f a c to r s .  These were th e  a b i l i t y  to  id e n t i f y  
th e  r e le v a n t  v a r ia b le s  to  c o n s id e r  in  an in v e s t ig a t io n ;  th e  p e rce iv ed  
goal o f  th e  in v e s t ig a t io n ;  and f i n a l l y  how p e rc e p tu a l ly  obvious the  
v a r ia b le s  w ere. E le c t r i c a l  experim en ts  depend very  much on lo g ic a l  
re a s o n in g  and in  p a r t i c u l a r  in  in v e s t ig a t io n s  and in t e r p r e t a t i o n  o f 
th e  i n t e r a c t io n  o f v a r ia b le s .  We th e re fo re  have to  en su re  in  our 
te a c h in g  th a t  th e  e f f e c t s  o f  th e s e  p i t f a l l s  i s  u n d e rs to o d . For example 
in v e s t ig a t io n  o f  r e s is ta n c e  re q u ire s  th e  i s o l a t i o n  o f  an a p p ro p r ia te  
p a i r  o f v a r ia b le s  f o r  in s p e c t io n  w h ile  o th e rs  a r e  h e ld  c o n s ta n t .  Some 
o f  th e se  l a t t e r  v a r ia b le s ,  such as  dim ensions o f  co n d u c to rs  a re  n o t 
im m ediately  o bv ious. In  a d d i t io n ,  a s  th e  in v e s t ig a t io n  p ro ceed s  th e  
p u p il, must beg in  to  re c o g n ise  where i t  i s  head in g  i f  th e  outcome i s  to  
be r e a l l y  s u c c e s s fu l .
i . 3  OTHER STUDIES ON ELECTRICAL CONCEPTS.
Johnstone  and Mughol (19?8) ( l l )  r e p o r t  on an in v e s t ig a t io n  
in to  p u p i l s ' u n d e rs tan d in g  o f r e s i s ta n c e .  The t e s t  used was a m u ltip le  
ch o ice  one w ith  d i s t r a c t e r s  based on p u p i l s ' re sp o n se s  to  in te rv ie w  
q u e s t io n s .  The r e s u l t s  re p o r te d  from t h i s  t e s t  were g -
1 . P u p ils  a t  a l l  l e v e l s  a re  f a m i l i a r  w ith  th e  b a s ic  symbols o f  
e l e c t r i c a l  c i r c u i t s .
2 . A ll a re  aware o f th e  n e c e s s i ty  f o r  a c lo sed  c i r c u i t  i f  c u r re n t  i s  
to  flow .
3. There i s  co n fu sio n  a t  a l l  l e v e ls  between v o lta g e  and power.
About h a l f  o f th e  ju n io r  p u p ils  and th r e e - q u a r te r s  o f  th e  s e n io rs
a re  aware t h a t  th e re  i s  a p r a c t i c a l  d if f e re n c e  between e .m .f  and p .d .
b u t th e re  i s  l i t l i e  u n d e rs ta n d in g  a t  any le v e l  o f why t h i s  should be so .
5 . Between 80 -  10 % o f  p u p ils  know th a t  in c re a s in g  th e  v o lta g e  
a c ro s s  a g iven  c i r c u i t  w i l l  in c re a s e  th e  c u r re n t  in  i t .
6 . About 70% o f th e  ju n io r s  and 90fo o f th e  s e n io rs  r e l a t e  th e  le n g th  
o f  a  r e s is ta n c e  w ire  and i t s  r e s is ta n c e  c o r r e c t ly  ( d i r e c t  p ro p o r t io n ) .
7 . About 25% o f ju n io r s  and 70/i o f  s e n io rs  r e l a t e  th e  c r o s s - s e c t io n a l  
a re a  c o r r e c t ly  ( in v e rse  p ro p r t io n ) .
8 . At second -, t h i r d - ,  and fo u r th -y e a r  le v e l s  p u p ils  seem to  equate  
r e s is ta n c e  w ith  'am ount o f  m a t e r i a l ' ,  i . e .  s h o r t ,  th in  w ire  has l e a s t  
r e s i s ta n c e .  Only a t  f i f t h  y e a r  i s  th e  e f f e c t  o f  c r o s s - s e c t io n a l  a re a  
c o r r e c t ly  in t e r p r e te d  by th e  m a jo r ity  o f p u p i l s .
Johnstone  and Kughol go on to  sp e c u la te  w hether th e  concep t 
o f  r e s is ta n c e  i s  in tro d u c e d  too scon su g g e s tin g  th a t  perhaps conductance 
should  be th e  concep t in tro d u c e d  in  th e  e a r ly  s ta g e s .  While a  case 
could  p ro b ab ly  be made on bo th  s id e s  w ith  reg a rd  to  th e  g e n e ra l co n ce p ts , 
i t  i s  a lm o st c e r t a in ly  too  soon f o r  m ost p u p ils  to  worry abou t f a c to r s  
a f f e c t in g  r e s i s ta n c e  in  f i r s t  y e a r .
Prompted by Johnstone and M ughol's r e p o r t ,  O 'S u lliv a n  (1980) 
(1 2 ) comments on problem s w ith  Ohm's Law found by s tu d e n ts  in  in t ro d u c to ry  
co u rses  a t  u n iv e r s i ty  l e v e l .  He p o in ts  o u t th a t  Ohm's law  i s  o f te n  
s ta t e d  a s  a m athem atical r e la t io n s h ip  such as
E = R I
o r p = R I 2
w here, E, I  and P a re  th e  sum o f a l l  th e  e .m . f . s ,  th e  e l e c t r i c  c u r re n t  
f lo w in g  and th e  t o t a l  ( th e rm a l)  power b e in g  g en era ted  in  th e  c i r c u i t  
r e s p e c t iv e ly .
The problem may then  beg in  to  appear when th e  s tu d e n t looks 
f o r  a  d e f in i t i o n  o f  th e - r e s i s ta n c e  R and f in d s  t h a t  t h i s  has been 
d e fin e d  as  E / l  o r  p / i  • He su g g es ts  t h a t  i t  i s  n o t th e re fo re  s u r p r is in g  
th a t  s tu d e n ts  f in d  them selves fo rced  to  conclude th a t  Ohm's law i s
rn o th in g  more than  a d e f in i t i o n  of r e s i s ta n c e ,  w hile b e in g  aware a t  the  
same tim e th a t  i t  d e s c r ib e s  w ell the  observed behav iou r o f e l e c t r i c a l  
c i r c u i t s .  He se e s  t h i s  a s  j u s t  one example o f th e  many cases  in
in t ro d u c to ry  p h y s ic s  where d e f in i t i o n s  and p h y s ic a l law seem to
co alesce , , and concludes th a t  i t  would a p p ea r t h a t  much p ed ag o g ica l 
c l a r i t y  i s  to  be ga ined  i f  d i s t i n c t i o n s  a re  made between d e f in i t i o n s  o f 
p h y s ic a l q u a n t i t i e s  on th e  one hand and th e  r e la t io n s h ip s  between
q u a n t i t i e s  ( ‘ la w s’ ) on th e  o th e r .
Evans (1978) (13) d e s c r ib e s  a course  on e l e c t r i c i t y  
s u i ta b le  f o r  American h ig h  schoo l in  which sim ple c i r c u i t s  u s in g  b a t t e r i e s  
and b u lb s  a re  used to  a s s i s t  th e  fo rm atio n  o f  e l e c t r i c a l  co ncep ts  in  a  
q u a l i t a t i v e  way b e fo re  form al d e f in i t i o n s  a re  in tro d u c e d . Tnis course  
i s  an a tte m p t to  move away from th e  norm ally  a b s t r a c t  tre a tm e n t g iven  
in  h igh  schoo l c o u rse s . Concepts such as  r e s i s ta n c e ,  c u r re n t  and 
p o te n t ia l  d i f f e r e n c e  a re  only  in tro d u ced  a s  s tu d e n ts  f in d  a need f o r  
them to  form a  model f o r  t h e i r  o b s e rv a tio n s .  One problem  w ith  a program 
o f t h i s  n a tu re  i s  t h a t  i t  p o s s ib le  u se s  a p p a ra tu s  used  by th e  s tu d e n ts  
a t  a more e lem en ta ry  s ta g e .  Tney may th e re fo re  f e e l  t h a t  th ey  know a l l  
abou t i t .  However, ve ry  o f te n  sim ple c i r c u i t s  w ith  e a s i ly  made o b se rv a tio n s  
can h e lp  more m ature p u p i l s  o r  s tu d e n ts  to  make sen se  o f problem s 
p re se n te d  in  a  more form al manner.
F re d e tte  and Lochead (1930) (l^f) d e s c r ib e  s tu d e n t  (p u p il )  
co n c e p tio n s  o f s im ple c i r c u i t s .  They f in d  th a t  many schoo l p u p il s  f in d  
d i f f i c u l t y  in  form ing a sim ple c i r c u i t  to  l i g h t  a to rc h  b u lb  which i s  
n o t mounted in  a h o ld e r .  Tney a lso  found t h a t  even more m ature s tu d e n ts  
have th i s  d i f f i c u l t y .  The b a s ic  d i f f i c u l t y  would ap p ea r to  be t h a t  p u p ils  
do n o t know how th e  p a th  th rough  th e  bu lb  i s  formed and th e re fo re  do 
n o t know where to  connect w ires to  th e  b u lb . Many s tu d e n ts  make only  
one c o n ta c t  w ith  th e  b u lb , and s h o r t  c i r c u i t  th e  b a t te r y  in to  th e  b a rg a in ! 
S im ila r  d i f f i c u l t i e s  have bo n observed by th e  w r i te r  where S c o tt is h  
p u p ils  in  second y e a r  who have com pleted In te g ra te d  Science s e c tio n  7
a re  unab le  to  form a c i r c u i t  from a b a t t e r y  and a lamp i f  p re se n te d  w ith  
on ly  one w ire . The f a c t  th a t  a l l  th e  components have been mounted on 
b oards e t c ,  f o r  th e  p rev io u s  work makes i t  d i f f i c u l t  to  im p ro v ise .
The use o f models to  te ach  e lem entary  p h y s ic s  and in  p a r t i c u l a r  
th e  u se  o f  th e  w a te r model in  te a c h in g  e l e c t r i c i t y  i s  d iscu ssed  by 
B ullock  (1979) ( l 5)» He makes th e  im p o rtan t p o in t  t h a t  f o r  th e  w ater 
model to  be su c c e s s fu l th e  p u p il  needs to  u n d ers tan d  th e  model a s  a  
p h y s ic a l system  in  i t s  own r i g h t .  He m ust then  be a b le  to  see  th e  
an a lo g ie s ; between elem ents of th e  model and th e  phenomena under c o n s id e r­
a t io n  and be ab le  to  g e n e ra lis e  from re le v a n t  p r o p e r t i e s  o f  th e  model 
to  p ro p e r t ie s  o f th e  system  which i s  to  be in te r p r e te d  and u n d ers to o d .
He m ust, a t  th e  same tim e, ig n o re  o r n o t be m isled  by th o se  a s p e c ts  o f 
th e  model which do n o t g e n e ra l is e  to  th e  phenomena c o n s id e re d . Given 
a l l  t h i s ,  th e  g e n e ra l is a t io n s  which a r e a p p ro p r ia te  a re  th o u g h t to  a id  
u n d e rs ta n d in g .
B ullock  q u o te s  a  sm all s c a le  in v e s t ig a t io n  by W ilkinson 
(1973) p u p i l s ' u n d e rs ta n d in g  o f th e  cononpt o f f lu id  flow  and
i t s  analogous r e l a t i o n  to  c u r re n t  flo w . W ilkinson found th a t  r e l a t i v e l y  
few secondary  schoo l seco n d -y ea r p u p ils  ( 12 y e a rs  ) u n d ers to o d  a l l  th e  
r e le v a n t  p r o p e r t i e s  o f f lu i d  flow  in  p ip e s  and a  mere 6% ( two p u p ils  ) 
c o r r e c t ly  used  th e  analogy  in  t h e i r  e x p la n a tio n s  o f  sim ple d .c .  
e l e c t r i c a l  c i r c u i t s .
Hie c e n t r a l  p a r t  o f  th e  a r t i c l e  d e s c r ib e s  B u llo c k 's  own 
in v e s t ig a t io n  o f th e  e f f ic a c y  o f  th e  w a te r model f o r  p u p ils  in  y e a rs  
th r e e  to  f iv e  in  E n g lish  sc h o o ls . He used a q u e s tio n n a ire  which 
co n ta in ed  q u e s tio n s  designed  to  e l i c i t  p u p i l s ' u n d e rs ta n d in g  o f  1 
r e le v a n t  te rm in o lg y  ( e .g .  e l e c t r i c  c u r r e n t ,  v o lta g e , r e s i s ta n c e ) ;  
e s s e n t i a l  a t t r i b u t e s  and r e l a t i o n s  ( e .g .  th e  v e c to r  a d d i t iv e  p ro p e r ty  
o f s e r i e s  so u rces  o f  e .m . f . ,  use o f a  v o ltm e te r , Ohm's law ); th e  
elem en ts o f th e  w a te r model ( e .g .  v o lta g e  -  p re s s u re  analogy ); th e  
e lem en ts  of an  a l t e r n a t iv e  model n o t p re v io u s ly  ta u g h t to  s u b je c ts ,  in
which energy in  a d . c .  c i r c u i t  i s  l ik e n e d  to  th e  c o a l  c a r r i e d  by a t r a in *
The r e s u l t s  seemed to  su g g es t t h a t  use o f th e  w a te r  model 
does n o t ,o f  i t s e l f ,  le a d  to  enhanced u n d e rs tan d in g  o f co n cep ts  a s s o c ia te d  
w ith  v o lta g e  -  a t  l e a s t  in  th e  s i tu a t io n  re p re s e n te d  by th e  t e s t  used 
w ith  th e  p a r t i c u l a r  p u p i l s .  Q uestions in  th e  t e s t  concerned w ith  
e l e c t r i c  c u r re n t  ( in c lu d in g  th e  a n a lo g ie s  ) were on th e  whole, 
answered much b e t t e r  th an  q u e s tio n s  d e a l in g  w ith  much l e s s  ta n g ib le  
v o lta g e . B ullock  concludes th a t  a much s im p le r  model -  even an e le c tro n  
flow  model- w ith  r a th e r  more r e s t r i c t e d  o b je c t iv e s  and few er in a p p ro p r ia te  
f e a tu r e s  would be more e f f e c t iv e  f o r  th e  m a jo r ity  o f t h i s  range  o f  
p u p i l .  In  a d d i t io n  i t  could  be t h a t  a v a r ie ty  o f models to  em phasise 
th e  c r u c ia l  a t t r i b u t e s  o f th e  system  could be more e f f e c t iv e .
The w r i te r  i s  in c l in e d  to  ag ree  w ith  th e se  sen tim en ts  and 
su g g es ts  some models f o r  c o n s id e ra tio n  in  c h a p te r  J,
Osbome and G ilb e r t  (1930) (17) in  a r e p o r t  o f an ’In te rv ie w  
ab o u t in s ta n c e s*  tech n iq u e  f o r  th e  in v e s t ig a t io n  o f s tu d en ts*  concept 
u n d e rs ta n d in g  in  s c ie n c e , d e s c r ib e  some o f th e  r e s u l t s  o b ta in ed  from an 
in te rv ie w  g iven  to  t h i r t y  p u p ils  v a ry in g  in  age from seven to  18 y e a rs  
abou t th e  concep t o f e l e c t r i c  c u r r e n t .  They found t h a t  a lth o u g h  some 
17-  and 18-  y e a r  old p h y s ic s  s tu d e n ts  d isp la y e d  an u n d e rs ta n d in g  o f 
e l e c t r i c  c u r re n t  s im i la r  to  t h a t  o f t r a in e d  p h y s ic i s t s ,  o th e rs  showed 
u n d e rs tan d in g s  very  s im i la r  to  th o se  o f  7 -  13- y e a r - c ld  p u p i l s  who had 
re c e iv e d  no fo rm al te a c h in g  about e l e c t r i c  c u r r e n t .
So f a r  a l l  r e fe re n c e s  have beer w r i t te n  in  E n g lish . We
would m ention however two re fe re n c e s  n o t w r i t te n  in  E ng lish  which c o n ta in
a t t r a c t i v e  f e a tu r e s  which m ight u s e f u l ly  be in c o rp o ra te d  in to  S c o tt is h
s y l l a b i .  The f i r s t  o f  th e se  i s  th e  sy lla b u s  suggested  f o r  th e
O rie n ta tio n  S tage (O r ie n tie ru n g s tu fe )  in  West German Schools (1 8 ) by
IPN ( i n s t i t u t  f u r  d ie  Padagogik d e r  N a tu rw issen sch a ften ) in  K ie l
U n iv e rs ity , 'w h e re  e l e c t r i c i t y  i s  th e  f i r s t  to p ic  in tro d u c e d  to  p u p ils  
aged abou t 10- y e r a r s ,  in  grade The em phasis i s  p laced  here  on th e
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e l e c t r i c  c i r c u i t  a s  re p re s e n te d  by sim ple la b o ra to ry  c i r c u i t s ,  th e  c y c le  
dynamo l i g h t in g  c i r c u i t  and th e  model ra ilw a y , E le c t r i c  c u r re n t  i s  
in tro d u c e d  in  g rade 6 a t  age 11- y e a r s ,  Ihe  second o f th e se  i s  th e  
s y lla b u s  produced f o r  Danish Schools (19) which has a t t r a c t i v e l y  
p rep a red  m a te r ia l  f o r  u se  by p u p ils  as  th e y  exp lo re  e l e c t r i c a l  c o n ce p ts . 
Thomsen (1977) (2 0 ) , one o f th e  c o -a u th o rs  o f  th e  Danish course d e s c r ib e s  
th e  developm ent o f i t ,  f o r tu n a te ly  in  E ng lish  !
F in a l ly  we m ight m ention th e  IPN P h y s ic s  Curriculum  f o r  th e  
9th  and 10th  g ra d e s , age 15- to  l 6-y e a rs  (2 1 ) which c o n ta in s  a s e c tio n  
w ith  th e  t i t l e  "Models o f  E le c t r ic  C i r c u i t s " .  T his lo o k s  a t  th e  w a te r 
model and o th e r  id e a s  in  some d e t a i l .  I t  d e s c r ib e s  a p p a ra tu s  d esigned  
to  model th e  b eh av io u r o f e l e c t r i c  c i r c u i t s  h y d r a u l i c a l ly .  W ater 
" r e s i s to r s "  show th e  p re s s u re  drop  to  be observed when a  c u r re n t  o f  w ater 
p a s se s  th ro u g h .
The r e c u r r e n t  theme would appear to  be th e  need f o r  
a p p ro p r ia te  le a rn in g  e x p e rien ces  to  b u ild  up co n ce p ts , and hav ing  
b u i l t  them up , to  s e p a ra te  t h e i r  fo rm al d e f in i t i o n s  from th e  co rrespond­
in g  law s which d e s c r ib e  th e  b eh av io u r o f ,  f o r  exam ple, e l e c t r i c a l  c i r c u i t s .
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2. THE INVESTIGATION
2.1  THE OVERALL.STRATEGY.
A lthough th e  prompt f o r  t h i s  p a r t i c u l a r  in v e s t ig a t io n  was 
th e  d i f f i c u l t y  w ith  th e  concep t o f r e s is ta n c e  found by p u p il s  ta k in g  
S c o tt is h  C e r t i f i c a te  o f  E duca tion  O rdinary  and H igher Grade exam inations 
in  p h y s ic s , i t  appeared  to  be s e n s ib le  to  in v e s t ig a te  th e  concep ts  o f 
e l e c t r i c  c u r re n t  and p o te n t i a l  d if f e re n c e  and th e  r e la t io n s h ip s  between 
th e  th r e e  a t  th e  same tim e . In  a d d i t io n ,  s in c e  the  th e  to p ic  o f 
e l e c t r i c i t y  i s  ta u g h t from th e  f i r s t  y e a r  o f  secondary  ed u ca tio n  onwards, 
i t  ap peared  to  be a p p ro p r ia te  to  beg in  w ith  p u p ils  who had com pleted a t  
1 e a s t  th e  work o f  th e  f i r s t  y e a r  ( S . l )  and t r y  to  f in d  a m easure o f  
t h e i r  g ra sp  o f  co n cep ts  a t  t h i s  s ta g e .
So a s  n o t to  p la c e  l im i t a t i o n s  on p u p ils*  re sp o n se s , m u ltip le  
ch o ice  t e s t s  were avo ided  in  fav o u r o f  more open ended q u e s t io n n a ir e s .  
A dm itted ly  t h i s  produced a  g r e a te r  m arking lo a d , b u t p rov ided  th e  
w r i te r  w ith  a  b e t t e r  g rasp  o f what p u p ils  were th in k in g  and how th e y  
s e t  down t h e i r  re sp o n se s .
A l i s t  o f le a rn in g  outcomes was p rep a red  f o r  th e  e l e c t r i c i t y  
course  in c o rp o ra te d  in  th e  S c o t t is h  I n te g ra te d  Science Course f o r  y e a rs  
one and two, and based on th e  e x p e c ta t io n s  re p re se n te d  by t h i s  l i s t ,  a 
s e t  o f  q u e s tio n s  was p re p a re d . I n i t i a l l y  th e  q u e s tio n s  w ere g iven  o r a l ly  
to . groups o f  fo u r  p u p ils  who w rote down t h e i r  re sp o n s e s . When th e  
q u e s tio n s  were found to  be a p p ro p r ia te ,  th e  same p ro ced u re  was used 
ta k in g  a  c la s s  o f  18 second y e a r  p u p ils  (aged around 1 3 -y 3 a rs ) a t  a  tim e . 
In  t h i s  way 80 p u p il s  were in te rv ie w e d  in  th r e e  d i f f e r e n t  sc h o o ls .
The n e x t s ta g e  o f  th e  in v e s t ig a t io n  was c a r r ie d  o u t w ith  
p u p ils  in  fo u r th  and f i f t h  y e a r  who were e i t h e r  abo u t to  s i t  O rdinary  
Grade p h y s ic s  o r  H igher Grade p h y s ic s . They cou ld  th e re fo re  be 
co n sid e red  to  have com pleted th e  s y lla b u s  f o r  t h e i r  a p p ro p r ia te  g rad e .
I t  shou ld  be no ted  th a t  th e  S c o tt is h  fo u r th  y ea r co rresp o n d s to  th e  
E ng lish  f i f t h  form in  age group and approxim ate s ta n d a rd .
A s e t  o f  q u e s tio n s  was p rep ared  a p p ro p r ia te  to  p u p i l s  who 
had taken  th e  'O ' Grade p h y s ic s  course  to  t e s t  t h e i r  u n d e rs ta n d in g  o f  
th e  concep ts  o f e l e c t r i c  c u r r a n t ,  p o te n t ia l  d if f e re n c e  and r e s i s t a n c e ,  
and th e  r e la t io n s h ip s  between them. An i n i t i a l  t e s t  was c a r r ie d  o u t 
w ith  a  group o f  p u p ils  in  f i f t h  y e a r  (S .5 )  who had com pleted th e  *0 * 
Grade p h y s ic s  co u rse  b u t h a d ' s t i l l  to  commence th e  ’H* Grade c o u rse .
On th e  b a s is  o f  th e  ex p erien ce  gained  from t h i s ,  a q u e s tio n n a ir e  was 
p rep a red  which was g iven  to  p u p ils  fo u r th  y e a r (S.^f) and f i f t h  y e a r  (S . 
in  fo u r  d i f f e r e n t  s c h o o ls .
Once a g a in  m u lt ip le  cho ice  q u e s tio n s  were avoided  and 
space was p rov ided  f o r  ex tended  answ ers where t h i s  was a p p ro p r ia te .
The q u e s tio n n a ire  was a d m in is te re d  to  179 'O ' Grade p u p i ls  and 93 *H* 
Grade p u p i l s .
F in a l ly ,  i t  was d ec id ed  to  in v e s t ig a te  th e  knowledge o f  
e l e c t r i c i t y  p o sse ssed  by p rim ary  schoo l p u p ils  j u s t  b e fo re  th ey  e n te r  
secondary  s c h o o l. A q u e s tio n n a ir e  w ith  open q u e s tio n s  was g iven  to  
1^5 p u p il s  in  p rim ary  seven (P -7 ) aged between 11 to  12 y e a rs  in  f iv e  
d i f f e r e n t  c la s s e s  o f  th r e e  p rim ary  s c h o o ls . A ll th e se  sch o o ls  a re  
f e e d e r  p r im a r ie s  to  th e  same com prehensive s c h o o l. There i s  no 
s ig n i f i c a n t  te a c h in g  o f  s c ie n c e  in  th e se  p rim ary  sch o o ls  and we m ust 
th e re fo re  su rm ise  t h a t  what e l e c t r i c a l  knowledge th e re  i s  comes from 
e x p e rien ces  in  th e  home. The q u e s tio n s  were based on a n t ic ip a te d  
ex p e rien ces  in  th e  home o f  b a t te r y  c p e ra te d  to y s ,  r a d io s  and dom estic  
a p p l ia n c e s .
AimGirATED L^.RNING 0UTCMKC3 FOR SL-]?TfIC CI RCUITS
The l i s t  which fo llo w s  r e p re s e n ts  th e  knowledge which
shou ld  be a c q u ire d  in  se c tio n s ; 7 a nd 15. C le a r ly  th e  s ta tem en ts: a r e
more fo rm al th an  most p u p ils  w i l l  g iv e , b u t th e se  p ro v id e  th e  c r i t e r i a
a g a in s t  which th e  re sp o n ses  from p u p ils  were a s s e s s e d ,
1 . An e l e c t r i c  c u r re n t  i s  a flow  o f e l e c t r i c  c h a rg e s ,
2 . An e l e c t r i c  c u r r e n t  r e q u ir e s  a  com plete c i r c u i t ,
3 . The u n i t  o f  e l e c t r i c  c u r re n t  is ;  th e  am pere.
The s iz e  o f th e  e l e c t r i c  c u r r e n t  i n  two conductors, i n  s e r i e s  
i s  th e  same.
5 . V oltage i s  an e l e c t r i c a l  p re s s u re  which can cause  an e l e c t r i c  
c u r r e n t  in  a  co n d u c to r.
6 . V oltage g iv e s  energy  to  th e  e l e c t r i c  charges.,
7 . The u n i t  o f  v o lta g e  i s  th e  v o l t .
8 . The v o lta g e  i s  th e  same a c ro s s  co n d u c to rs  i n  p a r a l l e l ,
9 . The t o t a l  c u r r e n t  i n  a  s e t  o f  p a r a l l e l  co n d u c to rs  i s  th e  sum o f
th e  c u r r e n ts  in  each in d iv id u a l  co n d u c to r.
10 The t o t a l  v o lta g e  a c ro ss  a  s e t  o f  co n d u c to rs  in  s e r i e s  i s  th e
sum o f  th e  v o lta g e s  a c ro s s  each in d iv id u a l  co n d u c to r.
11 , A p e r f e c t  co nducto r p a s se s  an e l e c t r i c  c u r r e n t  w ith o u t lo s s  o f  
v o lta g e .
12 . A co n d u c to r which r e q u ir e s  a  v o lta g e  to  p a ss  a  c u r r e n t  i s  s a id  
to  have r e s i s ta n c e .
13* A co n d u c to r w ith  s ig n i f i c a n t  r e s i s ta n c e  i s  c a l le d  a r e s i s to r .
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3A. The r e s is ta n c e  o f  a conducto r m easures th e  d i f f i c u l t y  w ith  which 
a  c u r r e n t  w i l l  p ass  th rough  i t .
15* I f  a  co n d u c to r i s  added in  p a r a l l e l  w ith  a n o th e r  one, th e  c u r r e n t  
in  th e  f i r s t  co n d u c to r i s  th e  same a s  b e fo re .  The second co n d u c to r 
h as  no e f f e c t  on th e  f i r s t .
16. I f  a co n d u c to r i s  removed from a p a r a l l e l  c i r c u i t ,  th e  rem ain ing  
co n d u c to rs  a re  n o t  a f f e c te d .
17* A v o lta g e  so u rc e , e .g .  a b a t te r y ,  w ilL  supp ly  th e  c u r r e n t  r e q u ire d  
by a c o n d u c to r. I f  th e  co n d u c to r i s  re p la c e d  by a d i f f e r e n t  one, 
th e  c u r r e n t  su p p lie d  by th e  b a t te r y  w i l l  be what i s  re q u ire d  by 
th e  new one.
18 . A b a t t e r y  i s  an  energy  so u rce ; a  r e s i s t o r  e .g .  a  lamp, i s  an
energy  consum er. The e l e c t r i c  c u r r e n t  c a r r i e s  th e  energy from
th e  so u rce  to  th e  consum er.
19* An e l e c t r i c  c u r r e n t  p a s se s  th rough  th e  e x te rn a l  c i r c u i t  and a l s o  
th e  b a t t e r y .
20. The s iz e  o f  an e l e c t r i c  c u r r e n t  i s  measured w ith  an am meter.
An ammeter i s  p la c e d  in  th e  c i r c u i t  in  s e r i e s  w ith  th e  c o n d u c to rs .
21. The s iz e  o f  a  v o lta g e  i s  measured w ith  a  v o ltm e te r .
A v o ltm e te r  i s  connected  a c ro s s  a  b a t te r y  o r  a  c o n d u c to r, in
p a r a l l e l  w ith  i t .
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2 .3  SCOTTT 5H CERTIFICATE OF SOU 0 ATI ON ORDINARY C£ADS PHYSICS COURSE (22 )
ANTICIPATED LEARNING OUTCOMES FOP. 5OPTION L .2  -  SLECTF-.IC CIRCUITS.
In ad d itio n  to  the lea rn in g  outcomes fo r  S c o tt ish  In tegrated
Science Course e l e c t r i c i t y  the fo llow in g ,b ased  on the o b je c t iv e s  w ritten
fo r  the 'Ordinary Grade p h ysics course in  Memorandum No JL (*f), may be
added fo r  p u p ils  in  year
1 . T ie p o te n t ia l  d if fe r e n c e  ( p .d . )  between two p o in ts  i s  a mes,sure
o f the work th a t has to be done to  move one coulomb o f  charge
from one p o in t to  the other#
2. I f  1 jo u le  o f  work has to  be done to  move 1 coulomb o f charge 
from one p o in t to  another, the p .d . between the p o in ts  i s  1 v o l t .
3* A charge o f  1 coulomb p asses when a current o f 1 ampere flo w s fo r
1 second.
*f# For most conductors, a t  constant tem perature, th e  current through
the conductor v a r ie s  d ir e c t ly  as the p .d . across i t .  (Chm's Law).
i . e .  V *<I
V = R I
5* The eq u iv a len t r e s is ta n c e  o f  th ree conductors in  s e r ie s  i s  g iven
by
8 = Bj_ + R2 + B3
6 . Tie eq u iv a len t r e s is ta n c e  o f th ree conductors in  p a r a lle l  i s
given  by
i - l  +i +i
R h  ®2 *3
7 . The power given out by a conductor in  an e l e c t r i c  c ir c u i t  i s
g iven  by
P = V I
2 V2or P = I  H or P s  *II
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2 A  QUESTIONNAIRE ON ELECTRIC CIRCUITS -  YEARS ONE AND TW0 ( S . l  & S .2 )
The q u estion n a ire  which fo llo w s  was given  by interview , 
to  80 p u p ils  in  the second year o f  th ree d if f e r e n t  comprehensive 
schools*  Although th e q u estion n a ire  i s  la id  out to  take the 
resp on ses, the p u p ils  used lin e d  paper fo r  th e ir  answers. Ihe 
q u estio n s  were designed to  check whether the key id eas l i s t e d  in  the  
a n tic ip a te d  le a rn in g  outcomes had bean m astered, or whether there  
were some m isconceptions which were common to  many o f  the p u p ils .
The q u estio n s moved sy ste m a tic a lly  from the sim ple  
c ir c u i t  and the requirem ents fo r  a flow  o f  e l e c t r i c i t y  to conductors 
and in s u la to r s ,  measurement o f current, and f in a l l y  the s e r ie s  c i r c u i t .  
They were then used to test- id ea s  about p a r a lle l  c i r c u i t s ,  w ith  
p a r t ic u la r  referen ce  to  the currents in  a p a r a l le l  c i r c u i t .  F in a lly  
v o lta g e  in  p a r a l le l  and s e r ie s  c i r c u i t s  was in v e s t ig a te d  before  
a llo w in g  p u p ils  to exp la in  in  th e ir  own words e le c t r ic  cu rrent, 
v o lta g e  and r e s is ta n c e .
Where d e sc r ip t iv e  and explanatory answers were appropriate 
i t  was. considered  b e tte r  to  a llow  the p u p ils  to use th e ir  own words 
ra th er  than o f f e r  a l i s t  o f  su gg estio n s from which the answer might 
be s e le c te d . C learly  some responses could  be considered  to  b eHco rrec t  
responses" . However i t  seems u se fu l to  record in  our d isc u ss io n  some 
o f  the o th ers rec e iv ed .
The item  a n a ly s is  fo r  t h is  q u estio n n a ire  was carr ied  out
by hand.
Years SC1 and S.2<
TbiB i s  an e le o tr io  c ir c u it .
o
The symbol for the b attery  i s -
1, What flow s round the e le c t r ic  c ir c u it?
2, What roakee i t  flow?
I—  | and for  the lamp •
3, What name i s  given  to  a m aterial which allow s e le c t r ic i t y  to  flow  th rough 
i t  e a s i ly  ?
4, What name i s  given to  a m aterial whioh does not a l low e le o t r ic i t y  to  flow  
through i t  e § s i ly  ?
5* Kamo two m ateria ls which allow  e le c t r ic i t y  to  flow through them.
a, 
b .
6. Hame two m ateria ls which do n ot allow e le o t r ic i t y  t o flow  through them,
a ,
b .
7. What instrument i s  used to  measure the s iz e  o f  an e le o tr io  current?
6, Draw a diagram to  show the instrument connected co rrec tly  in  an e le c t r ic  
c ir c u it .
1
What name i s  given  to  the u n it  o f  e le c tr io  ourrent.
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10, In the c ir c u it  below
what i s  the name given to  the way in  which the lamps are connected?
11. The current through lamp 1 i s  0*2 A. I s  th e  current through lamp 2^  
grea ter , equal or l e s s  than 0 .2  A?
/12 . Does t t o  current flow  through the b a tter ie s?
13. Why do you think so?
14. In the c ir c u it  below
what i s  the name given to  the way in  which the lamps are connected?
15 With one lamp in  the c ir c u it  as shown
,------------------
the reading on the ammeter i s  0 ,2  A.
What i s  the reading on the ammeter in  the c ir c u it  shown below?
f6 . What i s  the reading on the ammeter in  the c ir c u it  shown below?.
2-4
17. Jn th e  c i r c u i t  below th e  o u r re n ts i a re  as shown*
o
0-24
0-2A
&
O ' :
I f  lamp 1 i s  removed, what w i l l  be the current in  lamp 2 ?
18 I f  the vo ltage o f one b attery  i s  1 ,5  V, what i s  the vo ltage ac ro ss  AB ?
A h
19 What i s  the vo ltage o f  the batteries aorosB IB with th is  arrangement?
A H &
>0, In the c ir c u it  below, a l l  the lamps are the same.
What i s  the v o ltage  aoross lamp 2 ?
21. In the c ir c u it  below, both the lamps are the same.
What i s  the vo ltage  across lamp 2? 
What i s  an e le o tr io  current?
23. What i s  ■ibltttge?
What i s  resistan ce?
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2 .5  SUMMARY OF PUPILS' Rh3?0I\3SS TO OIL STIORNAIRF OH ELECTRIC ^   . - - ■ ■„ „ ■ , -   1 1           —
CIRCUITS -  YFAR3 SI ArlD 32
1 . In q u estio n s  which in volved  exp lanation  or d e sc r ip tio n  p u p ils  
tended to  show a la c k  o f  p r e c is io n  in  th e ir  language.
2 . "What flow s in  an e l e c t r ic  c ir c u it? "  e l i c i t e d  a s a t is fa c to r y  
response from most p u p ils . (80%)
"What makes i t  flow?" however, produced more var ia b le  answwers. 
3* 65^ P u p ils  knew the term conductor w hile knew the term
in s u la to r . Most could g ive  examples o f  each.
3^% knew th a t an ammeter was used to  measure the s i z e  o f  an 
e l e c t r i c  current; though 76% could show i t s  p o s it io n  c o r r e c tly  
in  a c i r c u it  diagram. 60% could name the u n it  o f  cu rrent.
5* 3&% could id e n t i fy  a * se r ie s '  c i r c u i t .
7&% recogn ised  th a t  the current through two components in  s e r ie s  
was the same.
62% sta te d  th a t the current flow ed through the b a t t e r ie s .  
However, reasons g iven  in  support, were on the whole not too  
con v in cin g .
6 . 25% could id e n t i fy  a 'p a r a l le l '  c i r c u i t .
7* 70% c o r r e c t ly  added the currents in  a p a r a lle l  c i r c u i t .
However b e liev ed  th a t i f  a c ir c u i t  elem ent i s  removed the  
current which flowed through i t ,  flo w s through the rem aining  
c i r c u i t .
8 . 85/S c o r r e c t ly  added the v o lta g es  o f  three b a tte r ie s  in  s e r ie s .
8% added them c o r r e c tly  i f  one b a ttery  i s  reversed .
9« The summing o f  v o lta g e s  across components presented  problems.
This may not be e x p l i c i t l y  taught.
10 . Only 22% recogn ised  th a t the vo lta g e  across two components in  
p a r a l le l  i s  the same.
11. Confusion was observed in  a p p lica tio n  o f concepts o f current 
and v o lta g e .
53% o f  p u p ils  could exp la in  s a t i s f a c t o r i ly  what an e l e c t r ic  
current i s .
10% o f  p u p ils  could exp la in  s a t i s f a c t o r i ly  what i s  meant by 
v o lta g e .
11% o f  p u p ils  could exp la in  s a t i s f a c t o r i ly  what e l e c t r ic a l  
r e s is ta n c e  i s  •
2«6 RESULTS OF qUSSTlONKAIRB ON ELECTRIC CIRCUITS -  YEARS S . l  AND S .2.
Ihe p u p ils  responses to  th e q u estion naire are given  below.
The number b esid e the response in d ica tes: the a ctu a l number who gave 
i t ,  and where i t  i s  considered  h e lp fu l in  making comparisons t h is  i s  
given  as a p ercentage . . The t o t a l  number o f  p u p ils  in  the sample 
was 80.
1 . What flow s round the e le c t r ic  c ir c u it?
e l e c t r i c  current l^f ( l8 ^ ) ; e l e c t r i c i t y  32 (^0%)» 
current 1^ ( l8 ^ )j  e le c tr o n s  11 (l^f^); 
neutrons 2 ; p o s it iv e  and n egative charges 2 j 
e l e c t r ic  power 3 ; e l e c t r ic a l  energy 2 ; 
e l t e r n i t iv e  1 j a ir  2 ; e l e c t r ic  elem ent 1 •
This q u estion  was on the whole w e ll answered w ith about 
90% o f  p u p ils  in  the sample g iv in g  an accep tab le  answer.
2 . What makes i t  flow?
b a ttery  20 (2 j$ )  ;
conductor 5 » p o s it iv e s  a t t r a c t  n e g a tiv e s  11 ; 
w ires  4  ; e le c tr o n s  2 ; e l e c t r i c i t y  5 t v o l t s  10 $ 
current k  ; p o s it iv e s  1 j, power from th e b a ttery  5 » 
power from th e e l e c t r i c i t y  1 ; the power o f  the charge 
from the b a ttery  1 » the fo rce  o f  the e l e c t r ic i t y  tr y in g  
to  g e t  out o f  the b a ttery  1 ; charge from the b a ttery  2 j 
power or energy 4  j heat 1 ; a ir  1 ; d o n 't know 3»
The b a ttery  was c le a r ly  the popular answer. Ideas; 
about the a c tu a l mechanism were in  th e  r ig h t  d ir e c t io n  i f  
sometimes not too w ell, expressed .
What i s  the name given to  the s e t  o f  m ater ia ls  which a l lows
e l e c t r i c i t y  to  flow  through i t  e a s i ly ? ___________________
conductor 52 (€>5%) I don’ t  know 12 ( l 5%);
m etal 5 » conduction 2 j c ir c u i t s  1 ; co -o rd in a tes  3 »
current 1 ; s t a t i c s  1 ; w ire 1 ; s o l id s  1;
non r e s is ta n t  1 .
Ih is: q u estion  was reasonably w e ll answered, w ith some o f  
those who d id  not g iv e  the name o f  th e s e t  having some 
reasonable a lte r n a t iv e  id e a s .
What name i s  given to the s e t  o f  m a ter ia ls  which does not a llow
e l e c t r i c i t y  to flow  through i t  e a s ily ? ____________________________
in s u la to r  46 (58^) » d o n 't  know 17 (21?6); 
non conductors 3 ; rubber 1 ; non conducting 1 j 
p la s t ic  2 ; inconduction 1 ; wood 2 j r e s is to r s  2 ; 
r e s is t a n t  1 ; con tractors 4  ; t r a n s is ta n t  1 .
This q u estion  presented  a l i t t l e  more d i f f i c u l t y  than the  
previous one, with ra th er more pupils: having no id ea  to  
o f f e r .
Name two m a te r ia ls  which a llow  e l e c t r i c i t y  to  p ass  th rough  them. 
copper 41 ; i r o n  20 ; s t e e l  13 ; w ire  11 ; m e ta l 12 ; 
w a te r  9 » s i l v e r  5 ? b ra s s  5» alum inium  2 ; le a d  1 $ 
t i n  2 ;
wood 2 ; c o t to n  1 ; ny lon  1 ; p l a s t i c  4  ; su lp h u r  1 ; 
g la ss , 1 ; a i r  2 ; o i l  3 » e le c t ro n s  1 atoms. 1 ; 
power and energy  1 •
We n o te  t h a t  some in s u la to r s  c r e p t  in to  th e  l i s t s .  On 
o cca s io n s  one conducto r and one in s u l a to r  was g iv e n .
2.0
6. Name two m a te r ia ls  which do n o t a llow  e l e c t r i c i t y  to  flow  through
them.
7 .
wood 36 ; p l a s t i c  31 j g la s s  18 ; ru b b e r 23 f 
p o ly s ty re n e  6 j a s b e s to s  3 » w a te r  2 ; s to n e  2 ; 
p a p e r  2 ; wool 1 ; c o t to n  wool 1 j c lo th e s  1 ;
t i n  2 j s t e e l  2 ; z in c  1 j i r o n  1 ; m eta l l j  b ra s s  3 j
don’ t  know 9 .
We note th a t some conductors crept in to  the l i s t s .
[wh a t  in s tru m e n t i s  used  to  m easure th e  s i z e  o f  an e l e c t r i c  c u r re n t  ?
d o n 't  know 35
ammeter (aapm eter, ampmuter, am e tre ) 35 (^ 3/£)
m e te r  3 J. gyder c o u n te r  1 ; seism ograph 1 ; c a p a c i to r  1 ;
b a t t e r y  1 ; v o lta m e te r  1 ; anem eter 1 v o lta g e  m e te r 1 •
The main d iv is io n  in  t h is  q u estion  was between d o n 't knows
and those who id e n t if ie d  the m eter c o r r e c t ly .
8 . Draw a diagram to show the instrum ent connected c o r r e c t ly  in  an 
e le c t r ic  c i r c u i t .
59 ( 7 6 %)
J L
— 0 -
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— 0 —
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— h
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I t  i s  i n t e r e s t i n g  to  no te  th a t  more p u p ils  cou ld  in d ic a te  the  
c o r r e c t  lo c a t io n  o f  th e  ammeter than  could name i t .
What is :  the name given to  the u n it  o f  e l e c t r ic  current?
amp 48 (60$ ) j
v o lt  16  ( 20^) ; w att 5  I amps w atts 1 ; jo u le  1 ; 
v o lta g e  ^ ; d o n 't know 7 *
There i s  evidence here o f  the confusion  between current 
and v o lta g e .
In the c ir c u it  below 1 1
what i s  the name g
© j
iven  to  the way in  wllic h  the lamps are connected?
10.
s e r ie s  28 ( 3 ^ 0  » d o n 't  know 40 ( 5®%) i 
s e r ia l  2 ; c e r ie s  1 j ser io u ses  3 » extended 1  j 
p o s it iv e  1 j sequence 2 j jo in t  c i r c u i t  2 .
The name " se r ie s” d id  not appear to be w e ll known, but 
may n ot have been form ally  taught.
11. The current through lamp 1 i s  0 .2  A. I s  the current through lamp 2 
g rea te r , equal or l e s s  than 0 .2  A ?
equal to  0 .2  A 62 ( 78$)  
l e s s  than 0 .2  A 12 (15^) 
g rea ter  than 0 .2  A 5 ( 6/6)
Most o f  the pupils, appeared to  recogn ise  th a t the current 
i s  the same in  two lamps in  s e r ie s .
1 2 .
13.
Does th e  c u r re n t  flow  th ro u g h the b a t t e r i e s  ? |
yas 50 ( 6jfo) 
no 30 ( 3758)
Obviously the m ajority thought th a t the current did flow  
through the b a tter ie s*
Why do you think so ? ________
(y e s )  complete c ir c u i t  required  -  e l e c t r i c i t y  has to go 
a l l  the way round j
(y e s )  because the power goes round the c ir c u i t  j
(y e s )  because i t  must go through the b a ttery  to  make the
bulbs l i g h t  j
(no) because when the current g e ts  to  the b a ttery  i t  
c a n 't  go any fu rth er ;
(n o ) because i t  i s  the b a ttery  th a t g iv e s  the power ; 
(y e s )  because the wire i s  connecting both b a t te r ie s  ;
(y e s) because the m etals a t  each s id e  o f  the b a ttery  are 
conductors ;
(no) because the n ega tive  part sto p s  i t  ;
(no) because b a tte r ie s  are  pushing current o u t, i f  i t  
got throU|2h b a ttery  would not run down.
Hie p u p il 's  answer to  q u estion  12 i s  in d ica ted  in  the  
b rack ets. Not a l l .  who had answered "yes" had the complete id ea . 
Those who answered "no" revea led  f a i r l y  fa m ilia r  m isconceptions.
In  th e  c i r c u i t  below
what i s  the name given  to  the way in  which the lamps are connected ? 
p a r a lle l  20  ( 2j5$ )  
d o n 't know (? 0$ )
s e r ie s  2 ; energy 1  j te le g r a p h ic  1 •
d e a r ly  th is , was a term which was u n fam iliar  to most p u p ils .
I t  may not have been taught in  a l l  sch oo ls  a t  th is  s ta g e .
With one lamp in  the c ir c u i t  a s  shown
the reading on the ammeter i s  0 .2  A.
What i s  the read ing on the .ammeter in  the c ir c u i t  shown below ?
i— @ - r — |
 Q r - ^
Ammeter re a d in g  0 .2  A lj> (19%)
Ammeter resid ing 0 .4  A (70$)
Ammeter reading 0 .1  A 5 ( 6$ )
Ammeter reading zero 1 
Don't know 2
H iis  q u estio n  was w e ll answered, although th e most l i k e ly  
connection  between the cu rrents was a sum.
What i s  th e  re a d in g  cm th e  ammeter in  th e  c i r c u i t  shown below ?
Ammeter reading 0.05A 1 ; ammeter reading Q.02A 1 ;
Ammeter reading 0.15A 1 ; ammeter reading zero 1 j
Ammeter reading 0 .2  A 5  J ammeter reading 0 .5  A 57 (71$) t
Ammeter reading 0 .3  A 5 t ammeter read ing 0 .1  A 2 j
D o n 't know 6 •
This q u estio n  was a ls o  w e ll  answered.
In the c ir c u it  below the currents are a s  shown.
O-tfA |,
1 ...........
------------- & , -----------
_  ______
I f  lamp 1 is :  removed, what w i l l ,  be the current in  lamp 2 .
Current in  lamp 2 0 .2  A ^6 (53$)
Current in  lamp 2 0.*f A 27 (3**$)
Current in  lamp 2 0 .6  A 5 ( 6$)
Current in  lamp 2 0 .3  A 2
This i s  a q u estio n  which w i l l  even cause graduates to  
make a m istake. The performance o f th ese  p u p ils  i s  th erefore  
commendable. When the same q uestion  was presented  to  p u p ils  
in  S .4 and S .5 on ly  17$ were correct in  S .4  and 10$ were co rrect  
in  S .5 . I t  would appear th a t the p u p ils  in  th is: t e s t  were 
a s s is te d  by b u ild in g  up a ru le  from experience o f  q u estio n s  
15  and 16  th a t as a d d itio n a l c ir c u it s  are added in  p a r a l le l
the currents add up. They th erefore  recogn ised  th at when one 
was removed, the cferrent remained the same in  the remaining  
c ir c u it  and the "battery su pp lied  l e s s .
I h is  sequence has c le a r  im p lica tio n s  fo r  what must be taught 
about currents in  p a r a lle l  c i r c u i t s .
I f  the v o lta g e  o f  on 
across, AB ? f\
e bat 
t
tery
l
i s  1 .5  V, what i s  the vo lta g e
1 . .... (Si 1
Voltage across AB ^.,5 V 6$ (8.5/6)
V oltage across AB 1 .5  V 2
V>3£age across AB k .5  A 7
C learly  the m ajority  gave the co rr ec t answer. There was 
some evidence o f  a mix-up w ith u n it s .
What i s  the vo lta g e  o f  the b a t te r ie s  across: AB with th is
arrangement ? H
V oltage across AB 1 .5  V 6  ( 8#)
V oltage acro ss  AB ^ .5  V 18 (22^)
Voltage across AB 3 V 16 (20$)
V oltage acro ss  AB zero 16 (20$)
I t  would not work k  
Don't know 9
I b is  q u estion  ob v iou sly  presented  a problem. I t  probably 
te s te d  something outwith the experience o f  most o f  the p u p ils .
In  th e  c i r c u i t  below , a l l  th e  lamps a re  th e  same.
I I f — I 1
What i s  the vo lta g e  a cro ss  lamp 2 ?
V oltage a c ro s s  lamp 2 1 V 33 (^+1$)
Voltage across lamp 2 2V 11 ( l^ $ )
V oltage acro ss  lamp 2 3V 17 (21$)
Don’ t  know 11 (1*1$)
Less than h a lf  the p u p ils  gave the co rrec t response. 
I h is  i s  a r e s u lt  which has to  be taught exp erim en ta lly , as  
i t  i s  n ot im m ediately obvious.
In  the c ir c u it  below, both the lamps are the same
■ e
What i s  the v o lta g e  across lamp 2 ?
Voltage across lamp 2 0 .7 5  V 3° (38$)
V oltage a cro ss  lamp 2 1 .5  V 18 (22$)
V oltage across lamp 2 3 V  6 ( 8$ )
Don’ t  know 17 (21$)
The f a c t  th a t on ly  22$  gave the correct response seems 
to  in d ic a te  th a t the wrong emphasis i s  p laced  on p a r a lle l  
c ir c u i t s  a t  t h is  s ta g e . The important l in k  i s  th a t the 
v o lta g e  i s  th e  same. The summation o f  currents i s  secondary.
22. What i s  an e l e c t r i c  c u r r e n t  ?
An e l e c t r i c  c u r r e n t  i s
e l e c t r i c i t y  passed  th rough a su b stan ce
energy  used  a s  power
flow  o f  e l e c t r i c i t y
fo rc e  o f  energy
hundreds o f  e le c tro n s
a c u r re n t  w ith  e l e c t r i c i t y  in  i t
p assed  th rough  th e  b a t te r y  to  th e  lamp and makes i t  go on 
e l e c t r i c i t y  flo w in g  th e  same way 
e le c t r o n s  moving round a  w ire  i . e .  + a t t r a c t s  -  
what goes th rough  th e  b a t t e r i e s .
23. What i s  v o lta g e  ?
V oltage i s
the amount o f  s t u f f  in  a substance
power th a t i s  pushing the e l e c t r ic  current through
power o f  the b a ttery
fo r c e  o f energy th a t pushes, the current
an e l e c t r ic  charge
what pushes an e le c t r ic  current
i s  an e l e c t r ic  current
i s  an e le c t r ic  shock
amount o f  power th a t a b a ttery  has
the p o te n t ia l amount o f  power th a t a  b a ttery  has and the
work i t  can do
fchg'i e l e c t r i c i t y  i s  measured
what current i s  in  the b a ttery .
What i s  r e s i s t a n c e  ?
R esistance i s
something th a t e l e c t r i c i t y  cannot pass
fo r c e  which pushes a g a in s t  another fo rce  Cog a l ig h t
sw itch  when the power i s  on or not
something th a t pushes the e l e c t r i c i t y
fo rce  th a t keeps, another fo rce  from pushing i t
where a current has trou b le in  g e t t in g  through or not
a t  a l l
fo rce  th a t stop s power g e t t in g  through
fo rce  which can cut down the amount o f  current p a ssin g
and even stop  i t  e . g .  a rh eo sta t
a th in g  which stop s e l e c t r i c i t y  going through to  the 
b attery
what the w ire can take through i t  ( e l e c t r i c i t y  )
the amount o f u n its  in  a c o i l  
the power you g e t .
Taking 22, 23 and 24 to g eth er , th ere  was evidence th a t the  
concepts were n ot formed in  depth. A f a i r  number o f  p u p ils  
recognised  an elsotric  current to  be a flow  o f  e l e c t r i c i t y  or 
even e le c tr o n s . Many o th ers saw i t  as a flow  o f  power or 
energy. Others were more confmsed.
Very few thought o f v o lta g e  in  energy term s. However t h is
id ea  i s  not b u i l t  in  to  the o b je c t iv e s  o f the In tegrated  Science
Course.
A number o f  p u p ils  appeared to  th ink  of: r e s is ta n c e  in  terms 
o f  fo r c e s .  A number o f  o th ers thought o f  i t  a s  stopp ing the  
current.
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Follow ing  on from th e  c u e sx io n n a ire  based on th e  work o f 
th e  f i r s t  and second y e a r , a f u r th e r  q u e s t io n n a ire  to  t e s t  s im i la r  id e a s  
and concep ts  was p rep a red  from th e  S. G.E. s y lla b u s  f o r  s e c tio n  L -  
E le c tro n  P h y s ic s  (2 2 ) .  The le a rn in g  outcomes b e in g  in v e s t ig a te d  
embrace a l l  th o se  g iven  in  s e c tio n s  2 .2  and 2 .3  o f t h i s  c h a p te r .
In  t h i s  case th e  (q u estio n n a ire  was d esig n ed  to  be used a s  
a  w r i t te n  t e s t  w ith o u t comment from th e  a d m in is t r a to r .  P ro v is io n  was 
made f o r  p u p ils  to  re c o rd  t h e i r  re sp o n ses  on th e  q u e s tio n n a ire  i t s e l f .  
A ll th e  q u e s t io n n a ire s  were marked by th e  w r i t e r .  With th e  ex cep tion  
o f  q u e s tio n s  1^  and 13 a l l  re sp o n ses  were marked a s  a c c e p ta b le  o r  
u n acc ep tab le  in  term s o f  th e  a n t ic ip a te d  le a rn in g  outcom es. One mark 
was g iven  to  answ ers which were a c c e p ta b le  and zero  to  th o se  which were 
u n a c c e p ta b le . Q uestions l4  and 15 were marked on th e  b a s is  o f two 
marks f o r  a  co m ple te ly  a c c e p ta b le  answ er, one mark f o r  a  p a r t i a l l y  
a c c e p ta b le  answ er and zero  f o r  an answ er which was u n a c c e p ta b le . The 
c r i t e r i a  a p p lie d  a r e  d isc u sse d  in  more d e t a i l  on page 72 .
The q u e s tio n n a ire  was p re se n te d  j u s t  b e fo re  th e  S .G .E . 
exam inations when th e  O rdinary  Grade s y lla b u s  had been com pleted by
fo u r th  y e a r  p u p i l s  aged around s ix te e n  y e a rs .  I t  was g iven  in  fo u r
com prehensive sch o o ls  to  a l l  th o se  p u p ils  be ing  p re se n te d  f o r  th e  S .C .E . 
O rdinary  Grade exam ination  in  p h y s ic s . At th e  same tim e i t  was g iven  
to  c a n d id a te s  f o r  th e  H igher Grade exam ination  in  p h y s ic s , m ost o f whom 
were in  f i f t h  y e a r  (S .5 )  b u t a lso  to  a few who were in  s ix th  y e a r  (S .6 ) .
A lto g e th e r  th e  q u e s tio n n a ire  was g iven  to  17? p u p ils  in  
S.^ l- ta k in g  th e  O rdinary  Grade exam ination , and ?3 p u p ils  in  S .5  and S.6
ta k in g  th e  h ig h e r  grade exam ination .
As an a id  to  p ro c e ss in g  the r e s u l t s  o f th e  q u e s tio n n a ire  
the computer program produced in  J o r d a n h i l l  C ollege o f  E ducation 
fo r  p ro cessin g  m u ltip le  ch oice t e s t s  was used . The data from each 
q u estion n a ire  was tran sferred  to  a mark sen se  card normally used  
by p u p ils  in  such t e s t s .  I f  one mark had been given the response
box A was marked, i f  a zero mark had be n given response box B was
marked. Where a q u estion  had sev era l p arts the appropriate number 
o f  l in e s  on the card were g iven . For example q u estion  has three  
p a r ts . These are denoted ^ (a ) ,  (b) and ( c )  in  th e ta b le s  and graphs, 
and three l in e s  were given on th e card. The computer was informed 
th a t *A' was the key fo r  a l l  the item s and on thos b a s is  a f a c i l i t y  
va lu e , given  a s  a percentage, and c r ite r io n  score  (the average ' 
score  o f  th ose  having the correct answer) could be obtained fo r  
each q u estion  and part q u estion  in  the q u estio n n a ire .
Q uestions l*t and 15 were again the excep tio n s. For 
them a marie o f  2 was recorded as 'A',  a mark o f  1 was recoded as  
•B* and a mark o f  zero recorded as 'C*. This data  was recorded on
two l in e s  fo r  each o f  th ese  q u estio n s . For the f i r s t  l in e  the key
was given  a s  'A*. This allowed th e c a lc u la t io n  o f  the percentage  
o f  the group who scored two marks. For the second l in e  the key 
was given a s  'B*. This allowed the c a lc u la t io n  o f  the percentage  
o f  the group who scored one. C riterion  scores were a lso  ob ta in ed .
The data  was processed  fo r  each school and a lso  fo r  
the whole year group taken to g eth er . The r e s u lt s  are summarised 
in  the ta b le s  and graphs which fo llo w  in  s e c t io n  2 .8 .
The copy o f  th e  q u estion n a ire  which fe llo w s  has been 
annoted to  correspond to the tables: and graphs..
QUESTIONNAIRE ON ELECTRIC 0 I RCHITS
be sod on
S.C .E, SYLLABUS FOR YEARS S .3 and S .4 .
Pup il*s Name
This i s  not an exam ination, but is  an attem pt to  id e n tify  
those p a rts  of the to p ic  of e l e c t r i c i t y  which p resen t 
d i f f i c u l ty  to  most people.
Thank you fo r  h e lp in g .
The fo llow ing  symbols a re  used :
Voltage Source + s  -o o
lamp
Ammeter
C ell
R esistor
J . B .  M u i r 1977
1. ■a
1 . What in  nn o l o o t r i c  c u r r e n t ?
n
2. What i s  e l e c t r i c a l  p o te n tia l  d if fe re n c e ?
□
5. What i s  e l e c t r i c a l  r e s is ta n c e ?
□
To answer th i s  questio n  you should s e le c t  from the  fo llow ing  expressions
CJ-1 CV Js Cs-1 VA
Js -1 JC-1 YA-1 JY-1 AY
Which exp ress ion  can be used to  define
(a ) the ampere
(b) the v o l t
( c ) th e  ohm
□
□
□
2.
E a c h  c e l l  i s  t h e  s o m e .  I f  t h e  p c > n t i a l  d i f f e r e n c e  o f  e r j ch  o ne  i s  1 . 5 V
A
what i s  the  p o t e n t i a l  d i f f e r e n c e  a c ro s s  AB?
In the c i r c u i t  below, the  p o t e n t i a l  d i f f e r e n c e  o f  the c e l l  i s  1.5V, and bo th  
lamps a rc  the  same
What i s  th e  p o t e n t i a l  d i f f e r e n c e  a c ro s s  lamp B?
In the  c i r c u i t  below
olh
8
i f  r e s i s t o r  B i s  removed what w i l l  be the  s i z e  o f  the  c u r r e n t  th rough  
r e s i s t o r  A?
C\
3.
Compic*te t h e  f o l l o w i n g  t a b l e  o f  m e a s u r e m e n t s  made on an  e l e c t r i c a l  
c o n d u c t o r
P o t e n t i a l  D if fe ren c e C urren t
0
1 .0  V 0 .6  A
2 .0  V 1 .2  A
3 .0  V
3.0A
Draw th e  g raph  o f  p o t e n t i a l  d i f f e r e n c e  v e rs u s  c u r r e n t  from th e  t a b l e  above
5 .0
4 .0
p o t e n t i a l
d i f f e r e n c e
3 .0
2 .0  
1 .0
0 T70 2VTT 
c u r r e n t  
A
T .o
C a lc u la te  th e  r e s i s t a n c e  o f  th e  conduc to r  in  q u e s t io n  8
ohm
Using the  g r id  in  q u e s t io n  9» draw the  graph o f  v o l ta g e  v e rs u s  
c u r r e n t  f o r  a co n d u c to r  o f  tw ice  the  r e s i s t a n c e .
Mark the  g raph  X
4.
Draw n diagram  f o r  tlu; c i r c u i t  used bo measure r e s i s t a n c e
For the e l e c t r i c  c i r c u i t  shown below
12V
th e  fo l lo w in g  in fo rm a t io n  i s  g iven
V = 12 Vs \  « 5 V V2 -  3 V V  ?
I  = 0 .5  As H
 
1—1 « •^
3
J 2 =  ? V  ?
K  +t o t  «= R^ » ? R2 = 6.0. R3 "  ?
What i s  the  p o t e n t i a l  d i f f e r e n c e  a c ro s s  R^ ?
What i s  the  c u r r e n t  th rough  ?
What i s  th e  c u r r e n t  th rough  R, ?t>
What i s  the  r e s i s t a n c e  o f  R^ ? ohm
What i s  th e  r e s i s t a n c e  o f  R^ ? ohm
What i s  the  t o t a l  r e s i s t a n c e  o f  the  th re e  conducto rs  ? ohm
Describe the f low o f  c u r r e n t s  through t h i s  c i r c u i t
Describe  th e  f low  o f  c u r r e n t s  th rough the  c i r c u i t  below
R3
6.
F o r  t h e  c i r c u i t  shown b e l o w
the  fo l lo w in g  in fo rm a t io n  i s  g iven
V = 12 V s Tl =  7 v 2 = ? V, = 12 V 5
I  -  ?s
(1H-f1 I 2 -  1 A I ,  -  ?
R +  4 . “ ?t o t R1 = SSL R2 ? r 3 -  4 SI
What i s  th e  p o t e n t i a l  d i f f e r e n c e  a c ro s s  R^ ? 
What i s  th e  p o t e n t i a l  d i f f e r e n c e  a c ro s s  Rg ?
What i s  th e  c u r r e n t  th rough  R^ ?
What i s  the  c u r r e n t  th rough  R, Y
Wheat i s  th e  c u r r e n t  drawn from the  v o l ta g e  sou rce  ?
What i s  th e  r e s i s t a n c e  o f  R^ ?
What i s  th e  t o t a l  r e s i s t a n c e  o f  the  th r e e  co n d u c to rs?
7.
The lamps in  the  c i r c u i t s  below a re  i d e n t i c a l .  Name the  b r i g h t e s t  in  
each c a se .
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I n  t h e  c i r c u i t  b e l o w
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feV *
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( a )  What i s  the  p o t e n t i a l  d i f f e r e n c e  a c ro s s  r e s i s t o r  A?
(b ) What i s  the  s i z e  o f  the  c u r r e n t  th rough  r e s i s t o r  L?
I f  the  r e s i s t o r  B i s  now removed,
( c )  V/hat i s  the  p o t e n t i a l  d i f f e r e n c e  a c ro s s  r e s i s t o r  A?
(d )  What i s  the  s i z e  o f  the  c u r r e n t  th rough  r e s i s t o r  D?
V 
A
V 
A
In t h i s  e l e c t r i c  c i r c u i t ,
4  s  S -
R
. . . . . . . . - • . . . . . . . . . . . . A—
i f  the  power r e l e a s e d  in  th e  r e s i s t o r  R i s  50W and the  s i z e  o f  the  c u r r e n t  
th rough  i t  i s  2A, what i s  the  p o t e n t i a l  d i f f e r e n c e  between th e  t e rm in a ls
of the  v o l ta g e  so u rc e ?
Which c i r c u i t  r e l e a s e s  more power?
2 . 8  SUMMARY OF P U P IL S * R.E3PO.N3B5 TO QUESTION! A IR S  ON ELECTRIC CIRC U ITS 
YEARS PAIR. AND FIV E ( s A  8c S . 3 ) .
In s p e c tio n  o f the  ta b le s  o f r e s u l t s  and g ra p h ic a l d a ta  
to g e th e r  w ith  th e  p u p ils*  s c r i p t s  re v e a le d  th e  fo llo w in g  p o in t s : -
1# Most p u p ils : cou ld  g ive  an adequa te  d e f in i t i o n  to  cofivey t h e i r  
co n cep t o f an  e l e c t r i c  c u r r e n t .
2 . 52#  o f  p u p il s  in  S.*+ cou ld  n o t g iv e  an a l t e r n a t iv e  s ta te m e n t in  
sym bolic form f o r  th e  am pere.
3* 32% o f  p u p ils  in  S .^  d id  n o t re c o g n ise  t h a t  th e  c u r r e n t  th rough
two cond u c to rs  in  s e r i e s  was th e  same.
O ily  o f  p u p il s  in  SA  and 33% o f  p u p ils  in  S .3 were a b le  to  g iv e  
a  re a so n a b le  d e f in i t i o n  o f  p o te n t i a l  d i f f e r e n c e .
Many p u p il s  sim ply  d e sc r ib e d  i t  a s  'v o l ta g e * .
3 . P u p ils  in  S.^f were r e l a t i v e l y  u n su c c e ss fu l in  g iv in g  an  a l t e r n a t iv e
s ta te m e n t f o r  th e  v o l t  in  symbDlic form .
6 . 38% o f  p u p ils  in  SA  d id  n o t re c o g n ise  t h a t  th e  p .d .  a c ro s s
r e s i s t o r s  in  p a r a l l e l  i s  th e  same.
This was a  f a c t o r  l a t e r  in  t h e i r  f a i l u r e  to  so lv e  a  problem 
on a  p a r a l l e l  c i r c u i t .
7. Only y±?o o f p u p ils  in  SA  drew th e  diagram  f o r  a c i r c u i t  which 
cou ld  s u c c e s s fu l ly  be used to  measure th e  r e s is ta n c e  o f  a  
co n d u c to r. The v o lta g e  measurement re q u ire d , was o f te n  n o t 
in d ic a te d .
8 . In  item  13, o n ly  ab o u t 36% o f  p u p ils  in  SA  could  i s o l a t e  th e  
d a ta  to  a llo w  them to  c a lc u la te  th e  v a lu e s  o f  th e  r e s i s t o r s  in  
th e  s e r i e s  c i r c u i t .
More than  80% o f  p u p ils  in  S .3 were s u c c e s s fu l .
9. In  item  l 6 , on ly  Q^% o f p u p i l s  in  S.^ c o r r e c t l y  s t a t e d  the  va lues  
o f  th e  p o te n t ia l  d if f e r e n c e  a c ro s s  th e  p a r a l l e l  co n d u c to rs .
35%> o f  p u p ils  in  S .^  reco g n ised  th a t  th e  c u r r e n t  drawn from a 
v o lta g e  sou rce  was th e  sum o f th e  c u r re n ts  in  th e  co n d u c to rs  
connec ted  in  p a r a l l e l  to  i t .
Perform ance o f  S A  p u p ils  d e te r io r a te d  a s  they  worked th rough t h i s  
ite m .
P erform ance o f  S . 5 p u p ils  was b e t t e r  and re a so n a b ly  c o n s is te n t .
10 . Perform ance in  item  18 was poor f o r  p u p ils  in  S.k  and S .5*
There was a  f a i l u r e  to  n o t ic e  th e  change in  c u r r e n ts  and p .d .s  
b ro u g h t abou t by th e  removal o f  a  co n d u c to r. This tendency  was 
a ls o  no ted  in  item  7 which was a ls o  b ad ly  done, e s p e c ia l ly  by 
p u p il s  in  S .5*
I b i s  problem  has been observed  by th e  w r i te r  in  o th e r  exam inations 
and t e s t s  g iven  to  o th e r  groups o f  p u p i l s .
1 1 . P u p ils  in  S A  and S .5 were n o t p a r t i c u la r ly  good a t  d e s c r ib in g  
th e  d i s t r i b u t i o n  o f  c u r re n ts  in  a  p a r a l l e l  c i r c u i t  where i t  was 
shown in  " la d d e r"  form . There was some improvement where th e  
p a r a l l e l  cond u c to rs  were jo in e d  to  a common p o in t .
12 . P u p ils  in  SA  and S . 5 were n o t very  p r o f i c i e n t  a t  c o n s id e r in g  
power d i s s ip a t io n  in  c i r c u i t s  in  a b s t r a c t  te rm s.
In  com paring th e  r e s u l t s  o f p u p ils  in  fo u r th  y e a r  w ith  th o se  
in  f i f t h  y e a r  i t  i s  im p o rtan t to  keep in  mind th a t  th e  f i f t h  y e a r  
p o p u la tio n  i s  a  much more s e le c t iv e  one than  th e  fo u r th  y e a r  one. I f  
i t  had been p o s s ib le  to  compare th e r e s u l t s  o f  on ly  th o se  p u p ils  in  
fo u r th  y « a r who passed  th e  O rdinary  Grade exam ination w ith  say  g rad es  
A to  Cf w ith  th e  f i f t h  y e a r  group we m ight have found a  s m a lle r  d if f e re n c e  
in  perform ance between them.
TABLl 0? REDULTS OBTAINED from questionnaire g iv en  t o  p u p i l s  i n  S.
T o ta l Group School 1
:s t io n
No. F.V. C.S. F.V. 0 .3 ,
1 80 22 80 22
2 15 27 25 29
3 35 25 25 29
4 (a ) 46 25 39 27
4 (b ) 41 26 37 27
M e ) 37 26 29 28
5 44 23 42 22
6 45 23 46 26
7 18 24 7 29
8 (a ) 94 21 97 21
8 (b ) 83 21 83 22
8 ( c ) 85 22 86 22
9 82 22 85 22
10 67 24 71 24
11 46 25 47 25
12 35 27 25 32
1 3 (a ) 51 25 54 26
1 3 (b ) 51 26 47 28
1 3 (c ) 49 27 46 28
1 3 (d ) 38 29 39 29
1 3 (e ) 36 29 36 29
1 3 ( f ) 42 27 47 26
School 2 School 3 School 4
F.V . C .S. F.V . C .S. F.V . G.S
80 19 93 25 70 22
3 12 14 24 17 27
34 21 66 25 27 25
36 24 90 26 40 23
31 24 72 28 40 26
30 25 69 28 40 21
41 22 90 26 7 16
38 20 41 26 60 20
20 25 34 24 20 21
89 19 97 26 97 20
85 19 93 26 100 20
77 19 93 26 93 21
72 20 90 26 87 21
52 23 90 27 67 22
46 23 4 5 33 4 7 24
28 26 62 2 ? 40 23
43 24 66 26 50 23
38 26 72 28 63 22
36 26 72 28 57 23
28 28 52 32 43 26
28 28 48 33 43 26
31 27 52 31 47 25
T o ta l Gr:nip School 1 School 2 School 3 School 4
Q uestion
No.
F.V. C.S. F.V. C.S. F.V. C.S. F.V. C .S. F.V . C.S
16(a ) 30 27 31 27 34 26 72 29 60 24
16(b ) 30 27 49 27 39 26 66 29 37 24
16(c ) 31 26 34 23 46 23 39 31 4  7 23
16(d ) 36 23 36 25 48 23 72 28 60 24
1 6 (e ) 37 29 39 29 26 28 43 33 47 23
16( f ) 38 28 46 27 21 28 32 32 43 26
16(g ) 23 30 23 30 13 32 38 31 20 26
1 7 (a ) 83 21 89 22 82 19 79 28 90 20
1 7 (b ) 83 22 93 21 80 20 72 29 73 20
1 7 (c ) 40 24 42 22 41 22 33 30 20 26
1 7 (d ) 63 22 6 l 22 62 20 66 29 67 19
1 8 (a ) 37 24 31 22 33 24 24 31 30 23
1 8 (b ) 24 27 34 23 13 23 28 34 23 26
1 8 (c ) 13 23 24 24 8 22 10 25 3 13
1 8 (d ) 3 27 8 27 3 33 3 33 3 10
19 36 23 61 23 32 21 66 28 47 19
20 41 23 39 23 36 19 32 29 4 7 20
N ote: F .V . = F a c i l i t y  Value = p e rce n tag e  o f  p o p u la tio n  who had
c o r r e c t  answ er in  an item .
C .S. = C r i te r io n  Score = mean sco re  o f  th o se  who had item
c o r r e c t .
TABLE OF RESULTS OBTAINED FROM QUESTIONNAIRE GCVEN TO PUPILSJ[N S .3 / S ,6 .
T o ta l Group 
Q u estion  F.V . C.S.
No.
1 94 29
2 22 34
3 66 30
4 ( a ) 76 31
**0>) 6l 31
4 (c ) 82 31
5 73 31
6 66 32
7 13 32
8(a) 96 29
8 (b ) 91 30
8 (c ) 90 30
9 92 29
10 9^ 30
11 69 31
12 38 31
13(a ) 88 31
1 3 (b ) 86 31
1 3 (c ) 88 30
1 3 (d ) 87 30
1 3 (e ) 81 31
1 3 (f) 84 30
Ichool 1 School 2
‘.V. C.S. F.V . C.S,
92 30 96 31
26 34 9 38
30 31 100 31
76 31 91 31
68 31 61 33
82 31 87 31
63 31 96 32
76 31 74 32
18 31 22 33
92 29 96 31
92 30 100 31
92 30 91 32
97 30 91 31
87 30 96 31
63 32 74 31
33 33 37 31
84 31 96 32
89 31 83 33
89 31 83 33
84 31 87 32
79 32 83 32
87 31 74 33
School 3 School 4
F.V . C.S. F.V . C.S
93 31 94 23
43 34 11 28
64 31 36 28
86 32 30 28
79 32 33 29
93 31 67 28
93 32 61 27
71 32 28 31
0 0 11 29
100 31 100 23
79 31 89 26
86 31 89 26
86 31 89 26
100 31 100 23
64 31 78 27
79 31 36 28
100 31 78 27
100 31 72 27
100 31 83 27
93 32 89 26
86 32 73 27
86 32 89 26
T o ta l Group School 1 School 2 School 3 Scho o l k
;s t io n
No.
F.V. C.S. F.V. C .S. F.V . C.S. F.V. C.S. F.V . C.S
16(a ) 80 31 87 31 87 32 93 31 kk 30
16(b ) 80 31 87 31 87 32 93 31 kk 30
16(c ) 81 31 82 31 96 32 93 31 50 29
16(d ) 82 31 79 31 96 32 79 31 72 28
16(e ) 72 32 7k 31 78 33 86 32 50 29
16( f ) 75 31 m 31 78 32 79 32 50 29
16(g ) 65 32 68 32 61 33 93 31 39 31
1 7 (a) 91 29 89 20 91 32 100 31 89 zk
1 7 (b ) 86 30 89 30 74 32 93 32 89 25
17(c) 49 32 37 33 65 3k 71 32 39 27
17(d ) 79 30 79 30 7^ 33 71 31 89 26
1 8 (a ) 47 32 53 33 52 33 l*f 3k 56 26
18(b ) ^5 32 47 33 61 3k 21 3k 39 26
1 8 (c ) 23 32 18 36 26 35 21 28 28 27
18(d) 20 33 21 32 22 37 29 3k 11 25
19 82 30 89 30 78 31 93 31 61 27
20 57 30 61 30 65 31 36 33 56 25
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TEST ANALYSES -  PUPILS IN S .4 .
P o p u la tio n H ig h es t Lowest
Score Score
Median A rith m e tic  S tandard  
Mean D ev ia tio n
T o ta l
Group
(1 7 9 )
41 19 20.1 8 .93
S chool 1 
(5 9 )
41 19 20.7 8 .63
School 2 
(61)
39 16 1 7 .3 9.08
School 3 
(2 9 )
37 25 2 4 .9 8.82
School 4  
(3 0 )
35 19 1 9 .8  6 .8 9
TEST ANALYSES -  PUPILS IN S .5  & S .6
P o p u la tio n  H ig h est Lowest Median A rith m e tic  S tandard
Score Score Mean D ev ia tio n
T o ta l
Group 39 13 30 2 9 .2  6 .0 7
(9 3 )
School 1 39 15 33 3 0 .7  6 .07
(3 8 )
School 2 39 15 33 30 .7  5 .8 5
(2 3 )
School 3 36 23 31 30 .9  3 .61
(1*0
School ^  35 13 26 2 5 .3  6 .19
(1 8 )
P lo t  o f  F a c i l i t y  Value v e rsu s  Item  Number f o r  T o ta l S.^ f- P o p u la tio n
and T o ta l S .5 P o p u la tio n  ( ite m s  1 to  1 3 ( f )  )
N? & Pt~
>3
O o
r CO-p-
P € -ft*
$  -
P l o t  o f  F a c i l i t y  V alue vers& s I te m  Number f o r  T o ta l  S«4- P o p u la t io n
and T o ta l  S .5 P o p u la t io n  ( i te m s  1 6 (a )  to  20)
P lo t  o f  F a c i l i t y  Value v e rsu s  Item  Number, by S chool, f o r  S.^f
P - ip u la tio n  ( ite m s  1 to  1 3 ( f )  )
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P l o t  o f  F a c i l i t y  V alue v e r s u s  I tem  Number, by S c h o o l, f o r  S,^f
P o p u la t io n  (ite m s: 1 6 (a )  to  20 ) - _____............
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P lo t  o f  Faci l i t y  Value v e rsu s  Item  Number, "by School, f o r  S«5 & 5 ,6  
P o p u la tio n  ( ite m s  1 to  1 3 ( f )  )
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P l o t  o f  F a c i l i t y  V alue v e r s u s  Item  Num'ber, by  S ch o o l, f o r  S .5  & S .6
P o p u la t io n  ( i te m s  1 6 (a )  to  20 )
What i s  an e l e c t r i c  c u r r e n t  ?_____________________
This q u e s tio n  was desig n ed  to  allow  p u p ils  to  s t a t e  w ith o u t im posed' 
c o n s t r a in ts  t h e i r  concep t o f  an e l e c t r i c  c u r r e n t .  A ccep tab le  answ ers 
had to  in d ic a te  th e  id e a  o f  flow  o f  e l e c t r i c i t y ,  o r  charge  o r  charged 
p a r t i c l e s .
T his q u e s tio n  was: w e ll answ ered.
F a c i l i t y  V alue S.*+ 83
F a c i l i t y  Value S .5 9^
What i s  e l e c t r i c a l  p o te n t i a l  d if f e re n c e  ?______
TSais q u e s tio n  was d esigned  to  a llo w  p u p ils  to  s t a t e  w ith o u t imposed 
c o n s t r a in ts  t h e i r  concep t o f  e l e c t r i c a l  p o te n t ia l  d i f f e r e n c e .
A ccep tab le  answ ers had to  in d ic a te  th e  id e a  o f  th e  energy a v a i la b le  
to  cause an e l e c t r i c  c u r re n t  o r  th e  movement o f  ch arg e .
In  one sch o o l many p u p ils  sim ply  c a l le d  i t  " v o lta g e ” b u t d id  n o t a tte m p t 
to  e x p la in  what i t  was. For t h i s  e x e rc is e ,  "v o lta g e "  was r e j e c te d .
T his q u e s tio n  was n o t w e ll answ ered.
F a c i l i t y  V alue S.4- l^f
F a c i l i t y  Value S .5 33
I b i s  q u e s tio n  was designed  to  allow  p u p ils  to  s t a t e  w ith o u t imposed 
c o n s t r a in ts  t h e i r  concep t o f e l e c t r i c a l  r e s i s ta n c e .  A ccep tab le  
answ ers had to  in d ic a te  th e  id e a  o f o p p o s itio n  to  th e  flow  o f  ch a rg e s . 
Many p u p il s  d id  n o t a tte m p t to answ er t h i s  q u e s tio n  p a r t i c u l a r l y  in  
SA *  On th e  whole th o se  th a t  d id  answ er were n o t v ery  s u c c e s s fu l .
A f a i r l y  la rg e  improvement in  perform ance between S A  and 3 ,5  was 
n o te d .
One p a r t i c u l a r  d i f f i c u l t y  appears  to  come from th e  f a c t  t h a t  one would
w ish to  t a l k  o f " r e s i s t in g  th e  c u r r e n t" ,  b u t i t  i s  d i f f i c u l t  to  f in d
s u i ta b le  synonyms f o r " r e s i s t " t o  avoid  a  c i r c u l a r  d e s c r ip t io n .
V
In  a d d i t io n  many p u p ils  may have r e s i s ta n c e  d e f in e d  a s  j  and have nmt 
had to  v e r b a l is e  th e  concep t b e fo re .
F a c i l i t y  Value S A  37
F a c i l i t y  Value S .5 59
■So^-answer th is  au estion vou should s e le c t  from the following: exnressions i
C J“ 1 G V J s G s"1 V A
J s"1 J C” 1 V Ab­ J V 1 A V 1
Which exp ression  can be used to  d efin e
( O the ampere
0>) the v o lt
(c ) the ohm
T his q u e s tio n  was designed  to  t e s t  w hether p u p ils  had a  re a so n a b le  
u n d e rs ta n d in g  o f th e  u n i t s  o f c u r r e n t ,  p o te n t i a l  d if f e r e n c e  and 
r e s i s t a n c e  and how they  were in te rc o n n e c te d .
There i s  a  danger t h a t  some p u p ils  were unab le to  cope w ith  th e  symbols 
u sed , however th e re  was s ig n i f i c a n t  ev idence t h a t  many p u p ils  in  SA  
were u n c e r ta in  o f  th e  d e f in i t io n s  o f a l l  th re e  u n i t s .
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A marked improvement was no ted between S .5 and S .5 p a r t i c u l a r l y  i n  the  
th e  u n i t  o f r e s is ta n c e
(a )  (b) (c )
F a c i l i t y  V alues S A  ^ 8 kZ 37
P h c i l i ty  V alues S .5 75 63 8^
Each c e l l  i s  th e  same I f  t t le po-t,e n tia l d iffe r e n c e  o f each one i s  1 .5  V
a
what i s  the p o te n t ia l d ifferen c:e aci
B
'oss AB ?
T his q u e s tio n  was designed  to  t e s t  p u p i l s '  a b i l i t y  to  read  a  sim ple  
diagram  and d e d u c e -c o r re c tly  th e  p o te n t ia l  d i f f e r e n c e  produced by th e  
arrangem ent o f  ce lls ':.
A number o f p u p ils  d id  n o t n o t ic e  th e  re v e rse d  c e l l  and gave *f.5 V a s  
t h e i r  re sp o n se . A s ig n i f i c a n t  number gave 0 V a s  t h e i r  re sp o n se . 
Cface a g a in  a  s ig n i f i c a n t  improvement was found between S A  and S.5» 
F a c i l i t y  Value S A  51
F a c i l i t y  Value S .5 78
In  th e  c i r c u i t  below, th e  p o te n t i a l  d i f f e r e n c e  o f  th e  c e l l  i s  1 .5  V ,
and bo th  lamps a r e  th e  same
1-------------------O s — 1
What is- th e  p o te n t i a l  d if f e r e n c e  a c ro s s  lamp B ?
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6. The q u e s t i o n  was s e l e c t e d  to  t e s t  r e c o g n i t i o n  o f a p a r a l l e l  c i r c u i t  
and r e c a l l  t h a t  th e  p o te n t ia l  d if f e re n c e  a c ro s s  conducto rs  in  
p a r a l l e l  i s  th e  same. J t  was. a ls o  n ece ssa ry  to  re c o g n ise  t h a t  
a lth o u g h  B i s  n o t shown connected d i r e c t l y  to  th e  c e l l  i t  behaves- 
a s  though i t  w ere.
Many p u p ils  gave 0 .7 5  V as  t h e i r  answ er so had obviously  n o t reco g n ise d  
t h i s .
The d i f f i c u l t i e s  found w ith  t h i s  q u e s tio n  may go back to  th e  e a r ly  work 
done on. p a r a l l e l  c i r c u i t s  which does n o t g iv e  s u f f i c i e n t  em phasis to  th e  
f a c t  t h a t  th e  p a r a l l e l  c i r c u i t  shown i s  e q u iv a le n t to  hav ing  a l l  th e  
co nducto rs  connected  d i r e c t l y  to  th e  c e l l ,  g iv in g  each a  p o te n t ia l  
d i f f e r e n c e  o f  1 .5  V.
The perform ance o f  p u p ils  in  S .5 w&s n o t p a r t i c u l a r l y  o u ts ta n d in g  in  t h i s  
ite m , a lth o u g h  i t  was b e t t e r  th an  th o se  in  S .4 •
F a c i l i t y  Value S.*f kZ
F a c i l i t y  V alue S .5 63
7. In  th e  c i r c u i t  below
+
-O
0 ‘24
p-
3  .
i f  r e s i s t o r  B is . removed what w i l l  be th e  s iz e  o f  th e  c u r r e n t  th rough  
r e s i s t o r  A ?
This i s  a  q u e s tio n  which ca tch es  o u t many peop le  in c lu d in g  sc ie n c e  
g ra d u a te s . The most p o p u la r answ er was. O.^f A, in d ic a t in g  th e  b e l i e f  
t h a t  th e  c u r re n t  now unab le  to  flow  th rough  B m ust now flow  th ro u ^ i  A. 
This i s  a  v e ry  p o p u la r  m isconcep t, and s p e c i f i c  a c t io n  m ust be taken  
t<y. e r a d ic a te  i t  in  o u r te a c h in g .
67
7 .  V e r y  p o o r  p e r f o r m a n c e s  w e r e  f o u n d  w i t h  t h i s  i t e m ,  a n d  t h o s e  o f  S . 5  
were even worse than S .*4- I
F a c i l i t y  Value S A  17
F a c i l i t y  Value S. 5 10
5, 9 , 10, 11, These item s form a s e t  which was designed to  t e s t  pupils*' 
knowledge o f  dim's Law by co rrect m anipulation o f  data and graph ical 
d isp la y . I t  was a lso  hoped to t e s t  th e  pupils:* a b i l i t y  to  r e la t e  the  
grad ien t o f the graph to  the value o f  the r e s is t o r .
Ihe q u estio n s are as fo llow s:.—
8. Complete the fo llo w in g  ta b le  o f  measurements made on an e l e c t r ic a l  
conductor.
(a )
w
(c)
P o te n t ia l D ifferen ce Current
0
1 .0  V 0 .6  A
2 .6  V 1 .2  A
3 .0  V
3 .0  A
Draw the graph o f p o te n t ia l d iffe r e n c e  versus, current from th e ta b le  above
V n
p o te n t ia l i+,0 
d iffe r e n c e  3 ,0  
V 2 . 0  
1 . 0
——
0 J 1 . 0  2 . 0  3 . 0  
current 
A
10.
11.
C alculate th e r e s is ta n c e  o f th e  conductor in  qu estion  8
Using the grid  in  qu estion  9 , draw the graph o f v o lta g e  versms 
current fo r  a conductor o f tw ice the r e s is ta n c e ,
Mark the graph X.
■S3
Responses to  th i s  i t  .jm wore on th e  ’whole s a t i s f a c to r y ,  K-ost p up il: 
appeared  to  re c o g n ise  th e  r e la t io n s h ip s  inv o lv ed  in  d e c id in g  th e  
numbers to  p la c e  in  th e  t? ,b le . E rro rs  appeared  to  be c h ie f ly  
a r i th m e t ic a l .
(a) (b) (o)
F a c i l i t y  Value S.^f 93 86
F a c i l i t y  Value S .5 96 88 92
Both y ea r groups perform ed rea so n ab ly  w e ll in  t h i s  ite m . Some 
p u p ils i om itted  to  draw th e  graph and some t r a n s f e r r e d  th e  d a ta  
in a c c u ra te ly ,  b u t most were c o r r e c t .
F a c i l i t y  Value S . 81
F a c i l i t y  Value S .5 90
10 The perform ance o f  p u p ils  in  S .^  was d is a p p o in tin g  in  t h i s  i t e m . .
.A f a i r  number om itted  the  c a lc u la t io n ,  w h ile  others^ d id  i t  w rongly. 
There was c o n s id e ra b le  improvement between S.^f and S. 5*
F a c i l i t y  Value S.^f 67
F a c i l i t y  Value S .5 98
11 The perform ance o f  p u p ils  in  S .^  wa.s d is a p p o in tin g  in  t h i s  item . 
Many p u p ils  o m itte d  t h i s  one w hile  many o th e rs  gave th e  wrong l i n e ,
u s u a lly  f o r  a conducto r o f  h a l f  th e  r e s is ta n c e  o f th e  f i r s t  one, o r
f o r  a d e c id e d ly  nor.-ohmic conducto r.
There was a marked improvement between and S.5»
I t  may be th a t  many p u p ils  had n o t used graphs to  any g r e a t  e x te n t
in  s tu d y in g  r e s is ta n c e  o f  co n d u c to rs .
F a c i l i t y  Value S .^ f^6
F a c i l i t y  Value 3 .5  75
r ' j )
( 112 | T): ” y  a_ di -arran f o r  t h e  c i r c u i t  u r r>d to  i.v^asure r  '• : .o~. i
This item  was n o t w ell h an d le !  by p u p ils  in  S.^-.
On th e  whole most p u p ils  f a i l e d  to  show ad eq u a te ly  how they  would 
measure c u r re n t  and v o lta g e  in  th e  c i r c u i t .
Many showed th e  ammeter on ly  and made no s ta te m e n t ab o u t w hether th e  
p o te n t ia l  d if f e re n c e  of th e  source  was. known.
Many p la ced  th e  v o ltm e te r  in  s e r ie s  w ith  th e  conducto r o r  in  some 
o th e r  p a r t  o f th e  c i r c u i t  wftere i t  was u s e le s s .
There was c o n s id e ra b le  improvement in  perform ance between S.^ f- and
s.5.
I t  would ap p ea r t h a t  t h i s  i s  an a re a  r e q u ir in g  a t te n t io n  a t  th e  
te a c h in g  s ta g e  in  S .4 .
F a c i l i t y  Value S .^  3^
F a c i l i t y  Value S .5 &5
13 F or th e  e l e c t r i c  c i r c u i t  shown below
th e  fo llo w in g  in fo rm a tio n  i s  g iven
V = 12 V s
II < >C°\II v ?
I  = 0 .5  A s
e~iii—i 
H
h  = ?
e-Hcc
H
l
R = *> t o t  •
I
11pf
1
0-II
!what i s  /
?0
W hat  i n  t h e  _ p o jb - :_ rr t iX  d i f f e r e n c e  n c  - v r -  ?  ]
T h i s  i t e m  w a s  s e t  t o  t e s t  k n o w l e d g e  t h a t  t h e  t o t a l  p o t e n t i a l  d i f f e r e n c e  
a c r o s s  c o n d u c t o r s  i n  s e r i e s  w a s  t h e  su m  o f  t h e  i n d i v i d u a l  p o t e n t i a l  
d i f f e r e n c e s - . .
P e r f o r m a n c e  o f  p u p i l s  i n  S . 4  w a s  d i s a p p o i n t i n g .
1 2  V w a s  a  com m on r e s p o n s e .  M a n y  p u p i l s  f a i l e d  t o  g i v e  a n y t h i n g .
T h e r e  w a s  a  c o n s i d e r a b l e  i m p r o v e m e n t  i n  p e r f o r m a n c e  b e t w e e n  S . 4  a n d  
3 . 5 .
F a c i l i t y  V a l u e  S . 5 2  
F a c i l i t y  V a l u e  S . 5  8 8
W h a t  i s  t h e  c u r r e n t  t h r o u g h  Rn ? (■-’- ) .......... .
W h a t  i s  t h e  c u r r e n t  t h r o u g h  PL ? .....L W ......_ ......................... ........................ I
T h e s e  t w o  i t e m s  t o g e t h e r  w e r e  s e t  t o  t e s t  t h e  k n o w l e d g e  t h a t  t h e  
c u r r e n t  i n  t h e  s o u r c e  a n d  t h e  c u r r e n t  i n  t h e  c o n d u c t o r s  c o n n e c t e d
i n  s e r i e s  w i t h  i t  w a s  t h e  s a m e .
O n c e  a g a i n  p e r f o r m a n c e  i n  S . 4  w a s  d i s a p p o i n t i n g .  I t  w o u l d  a p p e a r  
t h a t  m a n y  p u p i l s  d i d  n o t  u n d e r s t a n d  t h i s  b a s i c  c o n c e p t .
A c o n s id e ra b le  improvement was no ted  in  S .5
(a ) (b)
F a c i l i t y  V a lu e s - -  3 . 4  4 8  4 7
F a c i l i t y  V a l u e s -  3 . 5  8 3  9 2
I W h a t  i s t h e r e s i s t a n c e o f  FU ? ( c )—
|  W h a t  i s t h e r e s i s t a n c e o f  R 0 ? .Xd)-------------
T h e s e  t w o  i t e m s '  t o g e t h e r  w e r e  s e t  t o  t e s t  a b i l i t y  i n  c a l c u l a t i n g  
r e s i s t a n c e  v a l u e s  f r o m  k n o w l e d g e  o f  p o t e n t i a l  d i f f e r e n c e  a n d  c u r r e n t  
a s s o c i a t e d  w i t h  a  c o n d u c t o r .
T h i s  d e p e n d e d  o n  h a v i n g  t h e  c o r r e c t  v a l u e s  f o r  t h e  c u r r e n t  i n  R^ a n d
R3* a n d  a l s o  t h e  c o r r e c t  v a l u e  f o r  V _ .  
y  J
T n i s  w a s  n o t  w e l l  d o n e  b y  p u p i l s  i n  S . 4  b u t  w a s  w e l l  d o n e  b y  p u p i l s  
i n  S . 5 .
71 |
i
i
!
/ i n  3 . 5 .
( 0) (d)
F a c i l i t y  Values; S A 37 35
F a c i l i t y  Values, s .5 90 82
__What i s  th e  t o t a l  r e s i s ta n c e  o f th e  th re e  conducto rs ? ___________ ______
This item  could have been answered by two rou tes ,.
F i r s t l y  the  r a t i o  o f  V o v er I  could  be used s in c e  th e se  r e p re s e n tS' s
th e  t o t a l  p o te n t ia l  d if f e re n c e  and c u r re n t  in  th e  e q u iv a le n t co n d u c to r. 
A l te rn a t iv e ly ,  th e  sum o f th e  v a lu es  f o r  R^ , R^ and R^ could be ta k e n . 
Ghee ag a in  perform ance in  S .^  was p oo r.
F a c i l i t y  Value S A  k-2
F a c i l i t y  Value S .5 83
T h is - s e t  o f item s taken  to g e th e r  re v e a le d  an i n a b i l i t y  o f  many 
p u p i l s  in  S A  to  d e a l w ith  th e  v a r io u s  p a r t s  o f  a s e r i e s  c i r c u i t .
The b a s ic  co ncep ts  re q u ire d  seemed to  be in a d e q u a te ly  m aste red .
D escribe th e  flow  o f c u r re n ts  th rough  t h i s  c i r c u i t
This item  was marked on a th r e e  p o in t  s c a le  o f 2 , 1 , Q. The
c r i t e r i a  a p p lie d  were as fo llo w s ; -
H a t i n g  C r i t e r i a
2 F u ll  answ er showing good co n cep tu a l
u n d e r s t a n d i n g .
No s ig n i f i c a n t  e r r o r s .
1 Incom plete  answ er.
Some e r r o r s ,  b u t ab o u t o f  m a te r ia l  
c o r r e c t .
0 No answ er, answ er i n s u f f i c i e n t  to  judge ,
o b v io u s ly  wrong.
I b i s  item  was s e t  to  i l l u s t r a t e  th e  d i f f i c u l t y  which p u p ils  have in  
v e r b a l i s in g  th e  d i s t r i b u t io n  o f  c u r re n ts  in  com plica ted  c i r c u i t s .
I t  was a l s o  designed  to  i l l u s t r a t e  s p e c i f i c a l l y  th e  d i f f i c u l t y  p re sen te d  
by the  d iagram  u s e d .fo r  th e  p a r a l l e l  c i r c u i t .  A diagram  which i s  used 
in  m a te r ia l  p re se n te d  to  p u p ils  from S . l  onwards.
The sc o re s  o b ta in ed  by p u p ils  bo th  in  S .4 and S .5 confirm ed the  
hypo thesis-. No s ig n i f i c a n t  improvement was; found between S .4 and
s.5.
The d i s t r i b u t io n  o f sc o re s  i s  shown below.
Score 2
% 0 fp u p ils  i n  S. 4 22
% o f  p u p ils  in  S .5  29
1
40
41
o
38
30
D e sc r ib e  th e  flow o f c u r r e n t s  th ro u g h  th e  c i r c u i t  below.
This item  was marked on th e  same b a s is  a s  item  l4  above.
I t  was d esigned  to  show t h a t  the  p a r a l l e l  c i r c u i t  shown in  th e  above 
diagram  i s  e a s ie r  to  hand le  when v i s u a l i s in g  th e  d i s t r i b u t io n  of 
c u r re n ts  th an  th e  diagram o f q u e s tio n  14.
I t  was no ted  th a t  w h ile  many p u p ils  save e s s e n t i a l ly  a c o r r e c t  
d e s c r ip t io n  o f th e  d i s t r i b u t io n  o f  c u r r e n ts ,  th e y  sa id  t h a t  th e  
g r e a t e r  c u r re n t  was to  be found in  th e  l a r g e r  r e s is ta n c e  between 
and R^.
Hie perform ances in  t h i s  item  were much b e t t e r  than  th o se  in  item
14.
The sc o re s  o b ta in ed  were a s  fo llow s^ -
Score 2 1 0
% o f  p u p ils : in  S .4  44 28 28
% o f  p u p ils  in  S .5  41 43 16
F or th e  c i r c u i t  shown below /
r Oi the ClXOUlt ofiown mlO’i
-  s  --o o-
T  si
t+a
th e  fo llo w in g  in fo rm a tio n  i s  giveA^
V = 12 Vs
0-II V2 = ? V  ^ = 12 V
I  = ?s h - t I 2 = 1 A X3 = ?
R = ?
t o t r 1 = 6 n
o~1!CM R^ = 4 £ l
What i s  t h e  P o t e n t i a l  d i f f e r e n c e  a c r o s s  PL, ? ( a )
What i s  t h e  p o t e n t i a l  d i f f e r e n c e  a c ro s s  R^ , ?
These two q u e s t i o n s  ta k e n  t o g e t h e r  were d e s ig n e d  to  t e s t  knowledge 
t h a t  t h e  p o t e n t i a l  d i f f e r e n c e  a c r o s s  c o n d u c to rs  i n  p a r a l l e l  i s  th e  
sarne •
P e rfo rm ance  by S .4 p u p i l s  i n  t h i s  i te m  a s  p o o r  i n  com parison  to  th o s e  
i n  S.5» M ain ly  b e c a u se  a  f a i r  number o f  S .4 p u p i l s  d id  n o t  a t t e m p t  
i t .  I n  a d  i t i o n  a  f a i r  number came up w ith  wrong a n sw e rs .  Many o f  
th o s e  g i v in g  wrong answ ers  d id  n o t  t r e a t  th e  c i r c u i t  a s  a  p a r a l l a l  
one.
( a )  (b )
F a c i l i t y  Value S. 4 43 48
F a c i l i t y  Value S .5  7& 7&
What i s th e  c u r r e n t  th rough .................. . . ........................ (<0
What i s th e  c u r r e n t  th ro u g h R *>“ 3  ' (d )
These two Questions ta k e n  t o g e t h e r  were s e t  t o  t e s t  knowledge o f  tile 
d i s t r i b u t i o n  o f  currents i n  a parallel circuit and a o i l i t y  to  calculate
t h e ! ;?  m agnitude  from d?~ta g iv e n .
S A  and 3 .5
(o) ( a )
56
80
F a c i l i t y  Value S A  52
F a c i l i t y  Value S .5  78
What i s  t h e  c u r r e n t  drawn from th e  v o l t a g e  so u rc e  ?___________________
Hi i s  i te m  was s e t  to  t e s t  r e c o g n i t i o n  t h a t  t h e  t o t a l  c u r r e n t  i n  th e  
v o l t a g e  so u rc e  would be equa l  to  t h e  t o t a l  c u r r e n t  o f  th e  p a r a l l e l  
c i r c u i t .
T h is  i te m  was n o t  w e l l  done by p u p i l s  i n  S A  b u t  was w e l l  cone by 
th o s e  i n  S . 5 .
I n  m ark ing  t h i s  i te m ,  o n ly  th e  s t a t e d  c o r r e c t  answ er was t a k e n  a s  
c o r r e c t .
Many p u p i l s  i n  S.^f d id  n o t  a t t e m p t  t h i s  p a r t .
What i s  t h e  r e s i s t a n c e  o f  R-, ? ________________________________________
T his  i te m  was s e t  to  t e s t  a b i l i t y  t o  i s o l a t e  t h e  c o r r e c t  d a t a  and 
hence  c a l c u l a t e  t h e  v a lu e  o f  th e  r e s i s t a n c e .
Many p u p i l s  i n  S .^  d id  n o t  a t t e m p t  t h i s  p a r t .
What i s  t h e  t o t a l  r e s i s t a n c e  o f  th e  t h r e e  c o n d u c to r s  $______________
T n is  i te m  was s e t  t e  t e s t  a b i l i t y  to  r e c o g n i s e  t h a t  th e  p o t e n t i a l  
d i f f e r e n c e  o f  t h e  v o l t a g e  s o u rc e  ta k e n  w i th  th e  c u r r e n t  th ro u g h  i t  
c o u ld  g iv e  t h e  d e s i r e d  r e s u l t .
A l t e r n a t i v e l y ,  as-many p u p i l s  appeared  i n  f a c t  t o  do, t h e  fo rm u la  
f o r  r e s i s t o r s  in  o a r a l l e l  co u lu  be u s e d .
■Once a g a in  oe rfo rm ance  i n  S A  was po o r ,  e i t h e r  because i t  was n o t
F a c i l i ty  Value S .^ 35
F a c i l i t y  Value S .5  71
F a c i l i t y  Value S A  3?
F a c i l i t y  Value S .5  75
7 6
a t te m p te d  o r  bocause  wrong d a ta  was u s^ d .
F a c i l i t y  Value S .^  23
F a c i l i t y  Value 3 .5  69
•Overall th e  p e rfo rm ance  o f  S .5  p u p i l s  i n  t h i s  s e r i e s  o f  q u e s t i o n s  
was c o n s i s t e n t  w i th  l i t t l e  v a r i a t i o n  o f  f a c i l i t y  v a lu e .
P e rfo rm ance  o f  S .4  p u p i l s  d e t e r i o r a t e d  a s  th e y  worked th ro u g h  th e  
s e t  o f  q u e s t i o n s .
There  was q u i t e  c l e a r  ev id e n c e  o f  a  l a c k  o f  knowledge o f  t h e  b a s i c  
r u l e s  f o r  s e r i e s  and  p a r a l l e l  c i r c u i t s ,  i n  ev id en ce  i n  q u e s t i o n  13 
and i n  t h i s  one.
17 The lamps in  th e  c i r c u i t s  below a re  id e n t i c a l .  Name th e  b r ig h t e s t  in  
each ca se .
'< ?
 LTVJ _
— < / V ---------
~  : ^ ------------------------------Tne v a r io u s  p a r ts  o f  t h i s  item, were s e t  to  t e s t  pupils* a b l i t y  to
work o u t th e  r e l a t i v e  p o te n t ia l  d if f e re n c e s  in  a c i r c u i t  w ith o u t 
use  o f numbers.
P a r ts  A and B w ere perform ed w e ll by bo th  y e a r  groups.
P a r t  C p re se n te d  problem s to  both y ear groups,. Many p u p ils  d id  n o t 
reco g n ise  t h a t  th e  lamps would be e q u a lly  b r ig h t .
P a r t  D was perform ed b e t t e r  by p u p ils  in  S .5  than  th o se  in  S.&.
A 3 G D
F a c i l i t y  Values S.^ 4- 8^ f 85 ^  62
F a c i l i t y  Values S .5  92 9^ ^9 80
I t  i s  i n t e r e s t i n g  to  n o te  th e  r e l a t i v e ly  poor perform ance o f  p u p ils
in  S.5  in  p a r t  C, in  s p i t e  o f  th e  f a c t  t h a t  th e y  w i l l  have s tu d ie d
p o te n tio m e te r  and W heatstone b rid g e  c i r c u i t s .
I n  t h e  c i r c u i t  b e l o w
Zfl
(a )  What i s  th e  p o t e n t i a l  d i f f e r e n c e  a c ro s s  r e s i s t o r  A ?
(b )  What i s  th e  s i z e  o f  th e  c u r r e n t  th ro u g h  r e s i s t o r  D ?
I f  th e  r e s i s t o r  B i s  now rem oved,
( c )  What i s  th e  p o t e n t i a l  d i f f e r e n c e  a c ro s s  r e s i s t o r  A ?
(d )  What i s  th e  s i z e  o f  th e  c u r r e n t  th ro u g h  r e s i s t o r  D ?
I t  was a n t i c ip a t e d  t h a t  t h i s  s e t  o f  o u e s t io n s  would p r e s e n t  p rob lem s 
to  p u p i ls  i n  S .^ .  T h is was c o n firm e d .
Many p u p i ls  gave th e  answ er t o  p a r t  ( a )  a s  6 V and (c a lc u la te d  th e  
s i z e  o f  th e  c u r r e n t  a c c o rd in g ly
Many S .4 p u p i ls  d id  n o t  a t te m p t  p a r t s  ( c )  and ( d ) .
Many o f  th o s e  who d id  a t te m p t  p a r t  ( c )  g a v -  th e  answ er to  be $ V , 
and had o b v io u s ly  n o t  r e c o g n is e d  th e  new s e t  o f  p o t e n t i a l  d i f f e r e n c e s  
w hich had r e s u l t e d  from  th e  rem oval o f  r e s i s t o r  B.
Ih e  c u r r e n t  which was c a lc u la te d  f o r  p a r t  (d )  was u s u a l ly  w rong.
Z i th e r  i t  was based on th e  p o t e n t i a l  d i f f e r e n c e  c a lc u la te d  i n  p a r t  (c $  
o r  was b ased  on no o b v ious d a t a .
( a )  ( b )  ( c )  (d )
F a c i l i t y  Value S .^ . 37 13 ■ 5
F a c i l i t y  Value S .5 . ^7 ^5 23 20
??
19 In  th is ;  e l e c t r i c  c i r c u i t ,
4- 5  -
- o o —
R
1 r:v j 1
i f  the power re lea sed  in  the r e s is t o r  R is- fjQ W and the s iz e  o f the  
current through i t  is-, 2 A, what i s  the p o te n t ia l d iffe r e n c e  between 
the term inals o f  th e  v o lta g e  source ?
This, item  was s e t  to  te 3 t  a b i l i t y  to  use the r e la t io n sh ip  
power = p o te n tia l d iffere n c e  X current 
and apply i t  a t  the Bloom comprehension l e v e l .
R e la t iv e ly  speaking, th is- item  was reasonably w e ll  done, though there  
was a f a ir l y  la rg e  d iffere n c e  in  performance between S ,^  and S .5  
F a c i l i t y  Value S .4 5&
F a c i l i t y  Vg,4ue S .5  82
20 Which c ir c u it  r e le a se s  more power ?
lhis> item  was. s e t  to  t e s t  p u p ils  a b i l i t y  to consider th is  problem
in  general term s. On th e whole i t  presented problems to  both groups: 
o f  p u p ils . This was in  s p ite  o f  a f a i r  amount o f  experim ental help  
from S . l  onwards.
F a c i l i t y  Value S .4 f^l
F a c i l i t y  Value S .5  57
was prom pted  by R o sa lin d  D r iv e r 's  a r t i c l e  ( l 9 3 l )  ' 'P u p i l s ' A l t e r n a t iv e  
Fram eworks i n  S c ie n c e "  i n  which she  d e s c r ib e s  how id e a s ,  e x p e c ta t io n s  
and b e l i e f s  c o n c e rn in g  n a tu r a l  phenomena which th e y  have d e v e lo p ed  to  
make s e n se  o f  t h e i r  own p a s t  e x p e r ie n c e  can a f f e c t  t h e i r  r e s p o n s e  to  
w hat i s  t a u g h t  i n  th e  s c ie n c e  c l a s s  l a t e r  on . I t  seemed s e n s ib le  i n  
t h i s  c o n te x t  to  t r y  to  gauge th e  knowledge o f  e l e c t r i c i t y  w ith  w hich 
p u p i l s  a r r i v e d  i n  se co n d a ry  sc h o o l a s  th e y  m et w hat was p ro b a b ly  t h e i r  
f i r s t  fo rm a l s c ie n c e  te a c h in g .  Assuming no fo rm a l t e a c h in g ,  we w ere 
t h e r e f o r e  t e s t i n g  what m igh t be term ed g e n e ra l  know ledge g a in e d  i n  th e  
home and th ro u g h  h o b b ie s .  I t  was p o s s ib le  t h a t  t h i s  was th e  f i r s t  
o c c a s io n  on which th e  p u p i ls  had been  made to  th in k  a b o u t e l e c t r i c i t y .
A q u e s t io n n a i r e  was p re p a re d  which so u g h t to  t e s t  t h i s  
" g e n e ra l  know ledge". I t  was d e s ig n e d  to  be p r e s e n te d  o r a l l y  to  a  whole 
p r im a ry  c l a s s  u s in g  a p p a ra tu s  and e l e c t r i c a l  a p p l ia n c e s  w here a p p r o p r ia te ,  
The p u p i l s  made t h e i r  re s p o n s e s  on th e  q u e s t io n  p a p e rs  w hich w ere l a t e r  
m arked by th e  w r i t e r .  When th e  q u e s t io n n a i r e  had been  com ple ted  a 
d i s c u s s io n  to o k  p la c e  o f  tn e  p u p i ls  r e s p o n s e s ,a n d  m isc o n c e p tio n s  were 
c o r r e c te d .
Tne q u e s t io n n a i r e  was p r e s e n te d  in  th r e e  p r im a ry  s c h o o ls  a l l  
o f  w hich fe d  th e  same com prehensive  s c h o o l .  A t o t a l  o f  I4j5 p u p i l s  were 
in v d re d  w hich was a b o u t 50yo o f  th e  in ta k e  to  S . l  o f  t h a t  s c h o o l.  Hie 
l a r g e s t  g roup  o f  p u p i ls  was in  School 1 w hich had t h r e e  p rim a ry  7 
c la s s e s  g iv in g  a  t o t a l  o f  boys and 33 g i r l s .  School 2 p ro v id e d  one 
c l a s s  w ith  16 boys and 16 g i r l s ,  w h ile  School 3 p ro v id e d  bne c la s s  i n  
p r im a ry  7 and p rim a ry  7 p u p i l s  from  a co m p o site  c l a s s  to  g iv e  19 boys 
and 17 g i r l s .  None o f  th e  p rim a ry  sc h o o ls  t a u g h t  s c ie n c e  i n  a  fo rm a l 
nay , n o r  e l e c t r i c i t y  in  p a r t i c u l a r .
To a id  l a t e r  discus '- o n  th e  r e s u l t s  o f th e  qu-:-->tio n n a ire  
have been  a n a ly s e d  by sc h o o l and by se x . F a c i l i t y  v a lu e s  have been 
c a lc u la te d  to  g iv e  a  b a s is  o f  com parison . Where th e  sam ple i s  s m a ll  
how ever th e s e  m ust be t r e a t e d  w ith  g r e a t  c a u t io n .
I n  p r e p a r in g  th e  q u e s t io n n a i r e  th e  fo l lo w in g  outcom es 
were s e t  a s  c r i t e r i a  f o r  s u c c e s s  i n  a n sw e rin g  th e  q u e s t io n s
1 . I d e n t i f i e s  common u s e  f o r  b a t t e r i e s  e x h ib i te d .
2 . I d e n t i f i e s  v o l ta g e  o b ta in e d  from b a t t e r i e s  i n  i te m  1 
and  13 A s o c k e t .
3 . C om pletes c i r c u i t  d iag ram  o f  s im p le  c i r c u i t  made 
from  b a t t e r y  and b u lb .
*+• C om pletes c i r c u i t  d iagram  to  show t h a t  b u lb s  a r e  
c o n n ec ted  i n  s e r i e s  on a  C h ristm as t r e e .
5 . S t a te s  t h a t  each b u lb  i n  c i r c u i t  f o r  i te m  ^  c a n n o t 
be  sw itch ed  o f f  on i t s  own.
6 . C om pletes c i r c u i t  d iagram  to  show t h a t  b u lb s  w hich 
a r e  to  be sw itc h e d  o f f  s e p a r a te ly  a r e  co n n e c te d  i n  
p a r a l l e l .
7 . C om pletes c i r c u i t  d iag ram  to  show s w itc h  in c lu d e d  i n  
s im p le  c i r c u i t .
8 . I d e n t i f i e s  c o n d u c to rs  from  a  l i s t  o f  c o n d u c to rs  and 
i n s u l a t o r s .
9 . G ives th e  name •conducto r*  to  s e t  o f  i te m s  w hich p a s s  
e l e c t r i c i t y .
1 0 . E x p la in s  w hat i s  m eant by “13 and? socket*1, i n c lu d in g  
id e a  o f  maximum c u r r e n t  to  be g iv en  o u t .
11 . Item  o m it te d .
12 . S ta te s ; t h a t  c u r r e n t  s u p p lie d  to  e l e c t r i c  a d a p to r  i s  
sum o f  c u r r e n ts  ta k e n  by a p p lia n c e s  c o n n e c te d  to  i t .
13* S ta tes; th a t  v o lta g e  su p p lied  to  e l e c t r i c  a d a p to r
i s  equal to  v o l ta g e  s u p p lie d  a t  o u t l e t s .
l 4 .  S ta te s  t h a t  v o l ta g e  needed  by model r a i lw a y  i s  12 v o l t s .
15*  I d e n t i f i e s  from  l i s t  lo w e s t  v o l ta g e  t h a t  can k i l l .
l 6 .  L i s t s  w ir in g  c o lo u r  code f o r  13 amp p lu g .
17* L i s t s  names o f  p in s  i n  13 amp p lu g .
1 8 . I d e n t i f i e s  f u s e .
1 9 . S ta te s  f u n c t io n  o f  a  f u s e .
20 . I d e n t i f i e s  f u n c t io n  o f  b a t t e r y ,  b u lb  and  s w itc h  in  
s im p le  c i r c u i t .
21 . I d e n t i f i e s  b a t t e r y  as, so u rc e  o f  e n e rg y .
22 . I d e n t i f i e s  a s  " t r u e "  o r  " f a l s e "  th r e e  s e n te n c e s  ab o u t 
e l e c t r i c i t y .
I n  th e  q u e s t io n n a i r e  t h e r e  i s  a  d a n g e r  t h a t  l a t e r  i te m s  
may g iv e  a  c lu e  to  re sp o n se s  n e e d e i fo r  e a r l i e r  o n e s . B ecause o f  t h i s  
i t  was p r e s e n te d  page by page in  o r d e r ,  one q u e s t io n  a t  a  t im e . P u p i ls
w ere g iv e n  c l e a r  i n s t r u c t i o n s  n o t  to  r e a d  ahead  and none w ere o b se rv e d
to  do s o .
The q u e s t io n n a i r e  and t a b l e s  o f  r e s u l t s  a r e  shown on th e  
f o l lo w in g  p a g e s .
■TORDANHHj-i COLLEGE OF EDUCATION
HOW MUCH DO YOU KNCW ABOUT ELECTRICITY ?
These question s  a re  to  h e lp  f in d  out how much you a lre a d y  know about 
e le c t r ic i t y  b e fo re  you tak e  Science in  the  secondary sch o o l. I t  is  not 
a te s t  and nobody f a i l s .
I f  you know the  answer to  a q u es tio n  answer i t  as f u l l y  as you can.
I f  you do not know th e  answer pu t " I  do no t know".
Thanks fo r  your h e lp .
J .B .M u ir .
NAME
TOTE YOUR ANSWERS IN  THE BOXES 
Where would you
What v o lta g e  do
A. v o l ts
B. v o l ts
C. v o lts
D. v o lts
use these  b a t te r ie s
A.
B.
C.
we g e t from these  s u p p lie s .
3 /o v e r
Draw the w ir e s  t o  J o in  t h e  b a t t e r y  to  the  b u lb  to  make i t  l i g h t  up
t-U  '
b a t t e r y
b u lb
Draw the w ire s  to  J o in  th e  b a t te r y  to  the  bu lbs  so th a t  th e y  a re  
connected l i k e  l ig h t s  on a C hristm as t r e e .
b a t t e r y
bulb
b u lb
Can we sw itch  o f f  etich b u lb  on I t s  own?
Draw th e  w ir e s  t o  j o i n  t h e  b a t t e r y  t o  th e  b u lb s  so  t h a t  th e y  can  
sw itched  o f f  s e p a r a t e l y .
r - L - i  I
b a t t e r y
bulb
bu lb
Draw the  w ire s  to  jo in  up th e  b a t te r y ,  sw itch  and b u lb .
1^ 1
b a t te r y
sw itch
Read th is  l i s t :  DUiD
key, ru b b er, paper c l i p ,  w o o l, wood, p la s t ic ,  c o in , p ap e r.
W rite  down th e  s e t  o f  th in g s  which pass e l e c t r i c i t y .
4.
What i s  the  s p e c i a l  name we g i v e  to t h i n g s  which p a s s  e l e c t r i c i t y ?
What do we mean by ” 13 amp so c ke t"  ?
I f  we have a T .V . w hich needs 1 amp and an e le c t r ic  f i r e  w hich needs 
4 amps plugged in to  an adap to r?  How many amps pass through th e  
adaptor?
amps
I f  the T .V . needs 250 v o l ts  and th e  e le c t r ic  f i r e  needs 250 v o l t s ,  
how many v o lts  must th e  a d a p to r supply?
v o lts
What is  th e  v o lta g e  needed f o r  a model ra ilw a y ?
v o l ts
Put a r in g  round th e  lo w est v o lta g e  th a t  cou ld  k i l l .
3 v o lts ;  12 v o l ts ;  50 v o l ts ;  100 v o l ts ;  250 v o l t s .
t
16.
it.
18
19
5.
Write down t h e  c o l o u r s  o f  t h e  w i r e s  t o  go on t h e  p i n s  o f  t h e  
13 amp p l u g .
3?
□
□
□
What a re  th e  f u l l  names o f  th e  th r e e  p in s?
□
What Is  t h is  d ev ic e?
i 3
What does i t  do?
□
□
20/
44
6.
20. In this simple circuit
b a t te r y
b u lbs w itc h
What does th e  b a t te r y  do to  th e  e le c t r i c i t y ?
What does th e  b u lb  do to  th e  e le c t r i c i t y ?
What does th e  s w itc h  do to  th e  e le c t r i c i t y ?
Energy is  g iv e n  o u t .  Where does i t  come from?
7 .
The sen tences below  m ight appear in  a newspaper o r  book.
W rite  " tr u e "  In  th e  box b e s id e  th e  sen ten ce  I t  th e  words 
used lo o k  re a s o n a b le .
W rite  " fa ls e "  in  th e  box b es id e  th e  sen ten ce  i f  th e  words 
used do no t lo o k  re a s o n a b le .
"A v o lta g e  o f  3 0 ,0 0 0  v o l ts  passed th rou g h  th e  man and 
k i l le d  h im ."
"A c u r re n t  o f  4 amps Is  passed th rou g h  a head lamp on a c a r ."
"There is  e l e c t r i c i t y  in  th e  w ire s  o f  an e l e c t r i c  c i r c u i t  
b efore  th e  b a t t e r y  is  connected  to  I t " .
I n v e s t i g a t i o n  o f  E l e c t r i c a l  K n o w l e d g e  p o s s e s s e d  b y  P r i m a r y  
S c h o o l  P u p i l s  -  T e s t  F a c i l i t y  V a l u e s
P o p u l a t i o n T e a t  F . V .  
B o y s  ( n b )
T e s t  F . V .
G i r l s  ( n  ) 
9
T e s t  F . V .
B o y s  +  G i r l s  ( n ^ . )
S c h o o l  1 4 2  ( 4 4 ) 3 7  ( 3 3 ) 4 0  ( 7 7 )
S c h o o l  2 4 0  ( 1 6 ) 3 8  ( 1 6 ) 3 9 ( 3 2 )
S c h o o l  3 3 4  ( 1 9 ) 3 4  ( 1 7 ) 3 4  ( 3 6 )
T o t a l
G r o u p
41 ( 7 9 ) 3 6  ( 6 6 ) 3B ( 1 4 5 )
(The numbers in  brackets in  th e  ta b le  show the number o f  p u p i ls  
in  the sam ple.)
I n v e s t i g a t i o n  of  E l e c t r i c a l  Knou l e d g e  p o s s e s s e d  by P r i m a r y
S c h o o l  P u p i l s  -  I t e m  A n a l y s i s  f o r  A l l  P u p i l s
I t e m  No* No* o f  b o y s
( n b )
F . V . N o .  o f  g i r l s
( n  )
9
F . V . No* o f  P u p i l s  
( n t )
F . V .
1 A 7 7 9 7 64 9 7 141 9 7
B 2 6 33 1 3 20 39 2 7
C 7 8 9 9 6 4 97 1 4 2 9 8
2  A 7 9 6 9 13 9
B 10 13 5 8 15 10
C 7 9 0 0 7 5
D 9 11 5 8 14 10
3 7 5 9 5 6 2 9 4 1 3 7 9 4
4 1 1 . 3 1 1 . 5 2 1 . 3
5 4 0 51 3 7 5 6 7 7 5 3
6 5 0 6 3 31 4 7 81 5 6
7 7 9 2 3 9 6
8 3 3 4 2 2 8 4 2 61 4 2
9 1 8 2 3 1 0 15 2 8 19
10 10 13 8 12 18 12
12 5 0 7 6 5 4 8 2 1 1 4 7 9
1 3 1 1 . 3 2 3 3 2
14 18 2 3 5 8 2 3 16
1 5 5 9 7 5 4 9 7 4 1 0 8 7 4
1 5  E 4 7 59 3 3  | 5 0 8 0 5 5
L 2 8 3 5 2 7 41 5 5 38
N 2 4 3 0 19 2 9 4 3 3 0
ALL 21 2 7 18 2 7 39 2 7
1 7  L 4 7 59 2 7 41 7 4 51
N 3 0 38 1 7 2 6 4 7 3 2
E 3 7 4 7 19 29 5 6 3 9
18 6 9 8 7 5 3 8 0 122 8 4
19 9 11 6 9 15 1 0
20 3 2 41 2 4
. . .  ----------------
3 6 3 9
8 10 3 5 11 8
5 6 71 4 0 61 9 6 6 6
__ 21___ 41 5 2 4 4 6 7 6 5 5 9
22 13 16 10 1 5 2 3 16
39 4 9 2 7 41 6 6 4 6
14 18 21 32 3 5 24
92
I n v c s t i q a t i o n  o f  E l s c t r i c a l  JKnoiiil e d n g  p o s s e s s e d  _by_ P r i m a r y  
S c h o o l  P u p i l s  -  I t e i n A n a l y s i p  b y  S c h o o l  a n d  T o t a l  G r o u p
S c h o o l  1 ; S c h o o l  2 j S c h o o l  3 l o t a l G r o u p
I t e m \ f \ l Q FWt FUb FV 9
FV
i ™ b
I
FV
9 ' FWt
FV. ;
b  I
FV
g ! F l / ti
1 A 9 7 1 0 0 9 9 1 0 0 9 4 9 7
u---- --
i 9 5 9 4■
9 4 : Q7 II  ^' ;i t 9 7 | 9 7
B 4 3 3 0 3 8 13 13 1 3■
2 6 6 1 7 i 3 3  ! 2 0 2 7
C 1 0 0 9 7 9 9 1 0 0 1 0 0 1 0 0 9 5 9 4 9 4 ; 9 9  ; 9 7 98
2 A 5 6 5 i  6 0 3
I
21 2 3 2 2 9 9 9
B 11 6 9 6 0 3 21 18 19 ' 1 3 8 1 0
C 16 0 9 0 0 0 i o 0 0 9  : 0 5
D 9 6 8 31 3 1 9 0 12 6 I 11! :
8 ! 10
3 9 3 91 9 2
!
! 100 1 0 0 1 0 0 9 5 9 4 9 4 9 5  . 9 4 ; 9 4
4 0 3 1 i  6 0 3 I 0 0 I 0 1 . 3 1 . 5 1 . 3
5 57 6 4 6 0 ' 5 6 5 0 5 3 32 4 7 1 39 51 : 5 6 I 53
6 61 4 2 5 3 6 3 6 3
i
6 3  j 6 8 41 55 • iI DJi 4 7 ! 5 6
7 3 0 5 6 0 3
| 11 12 11 ! C ; .\ ; 3 I 6
nO 4 8 52 4 9 : 31 3 0 3 4  Ij 3 7 2 9 3 3  |  42 : 4 2 I 42
9 30 12 2 2 : 19 1 9 1 9  ! 11 1 8
j;
1 4  i; 2 3  ; 1 5 I 1 g
10 14 15 1 4
1
6
■
6 6 16 12 14 i  13  ! 1 2 : 12j
12 91 0 5 3 8 : 6 9 9 4 81 j 4 7 6 5 5 5
\ : 
: 7 6 0 9u / ; 7 9
13 2 6 4 0 0 0  I 0 0 o j 1 ; n i  2
14 2 5 3 1 6 : 25 0 1 3  j 16 2 4 1 9 2 3  i e ! 18
15 7 7 7 6 7 7  ; i 5 6 6 9 6 3  || 8 4 7 6 81 7 5  ■ 7 4 7 4
1 6  E 5 9 36 4 9 7 5 81 7 8  |1 4 7 4 7 4 7
5 9  •
i
5 0 55
L 41 4 2 4 2  j: 19 38 2 8  ! 3 7 41 39 3 5  ; 41 38
N 3 4 3 0 3 2  ! 2 5 3 8 31 ! 2 6 18 2 2 3 0  I 2 9 3 0
ALL 30 2 7 2 9  | 19 38 2 8  | 2 6 18 2 2 27 ; 2 7 2 7
17  L 69 39 5 2  |j■ 6 3 5 6 5 9  j
5 3 2 9 4 2 5 9  j 41 51
N 39 21 31 ! 5 6  * !
3 8 4 7  j| 211 i 2 4 2 2 3 8  | 2 6 3 2
E 4 3 2 7
i
3 6  j : 6 9 5 0 5 9  ; 37 12 2 5 4 7  [ 2 9 3 9
1B 89 05 8 7  j 9 4 6 9 81 j 7 9 82 81 8 7  I 8 0 8 4
19 9
1 5  i 11 !i 2 5 6 16  1 5 0 3 11 ’ 9 10
2 0 41 3 0 3 6 i
- 5 0  !
i
31 41  , 32 5 3 4 2  1 41  | 3 6 39
14 9 12 ; °  I
0 0  i 11 o
5
10 ; 5 8
7 3 6 4 6 9 : 81 5 6 6 9  | 5 8 5 9 5 8 !
71 61 6 6
21 5 7 7 0 6 2 ; 5 0  j 7 5 6 3  | 4 2 5 3 4 7  |  5 2  j 6 7 5 9
22 16 15 1 6 | 2 5 6 1 6  | 11 2 4 17  j 1 6  |
i
15 16
5 7 4 2 51 | 4 4 38 41 37 41 3 9 4 9  | 41 4 6
1 8 3 3 2 5 2 5
l
44 34 11 1 B 1 4 1 8  | 32 2 4
9 Q
2 .1 1  SUMMARY OF RESULTS OF GUESTTONN'AIRB. ABOUT HLBCTRICITY ■- PRIMARY 7
In s p e c t io n  o f  th e  ta b le s  o f  r e s u l t s  to g e th e r  w ith  th e  p u p ils*  
s c r i p t s  re v e a le d  th e  fo llo w in g  p o i n t s j -
1 .  The o v e r a l l  perform ance in  th e  q u e s t io n n a ir e  in  a l l  th r e e  s c h o o ls  
was s im i la r .
2 . The o v e r a l l  perfo rm ance o f  th e  boys was b e t t e r  th a n  t h a t  o f  th e  
g i r l s .
3* The same i te m s  p re s e n te d  d i f f i c u l t y  in  a l l  th r e e  s c h o o ls .
Terms l i k e  v o l ta g e ,  e u r r e n t ,  power a re  used  f a i r l y  lo o s e ly ,  which 
cou ld  p r e s e n t  d i f f i c u l t y  when t r y i n g  to  e x p la in  e l e c t r i c  c i r c u i t s  
i n  S . l .
There i s  a  tendency  to  mix up te rm s l i k e  v o lta g e  and c u r r e n t  and 
th e  v o l t  and th e  amp.
6 . There h as  been l i t t l e  need up to  th is ,  s ta g e  to  i d e n t i f y  th e
v o lta g e s  o f  v a r io u s  s u p p l ie s .  They a r e  th e r e f o r e  n o t w e ll  known.
7* P u p i ls  te n d  to  a c c e p t  wrong s ta te m e n ts  ab o u t e l e c t r i c i t y .
8 .  There i s  a  la c k  o f u n d e rs ta n d in g  o f  th e  p r in c ip le s  o f  common 
sim p le  e l e c t r i c a l  a p p a ra tu s .
9 . T here i s  l i t t l e  ev id en ce  to  s u g g e s t t h a t  th e  I n te g r a te d  S cience  
Course S e c tio n  7 would be i r r e l e v a n t  f o r  t h i s  group o f  p u p i l s .
10 . T nere was ev idence t h a t  p erh ap s more o b se rv a tio n s  sh o u ld  be made 
and p r a c t i c e  g iv en  th a n  i s  b u i l t  in to  I n te g r a te d  S cience  Course 
S e c tio n  7«
2 ,1 2  DISCUSSION OF RESULTS OF QUESTIONNAIRE ABOUT ELECTRICITY -  PRIMARY 7
The p u p ils  resp on ses to the q u estio n n a ire  are g iven  below . 
The most appropriate way o f  in d ic a t in g  the p u p ils*  su c c e ss  or  f a i lu r e  
i s  s e le c t e d .
1 . Where would you use th ese  b a tte r ie s?
Three b a t te r ie s  were used;
(A) a s in g le  c e l l  type U2 or e q u iv a le n t,
(B) a PP9 b a tte r y ,
(C) a car b a tte r y .
Very l i t t l e  trou b le  was found in  id e n t ify in g  s u ita b le  u ses  
f o r  the type U2 b a tte r y . Tape reco rd ers, e le c tr o n ic  gaqies 
and to r c h e s  were among the fa v o u r ite s .
Only Z7% c o r r e c t ly  a sso c ia te d  th e  PP9 b a tte r y  w ith  ra d io s  
o r  s im ila r  e le c tr o n ic  apparatus. Many wanted to u se  i t  
in  la r g e  to rch es .
P u p ils  in  sch oo l 1 appeared to  do b e s t  in  t h i s  item .
Almost everyone c o r r e c t ly  id e n t i f i e d  the car b a tte r y .
2 . What v o lta g e  do we g e t  from th e se  su p p lies?
The b a t te r ie s  used in  q u estion  1 were p resen ted  in  sequence. 
Only 9$ c o r r e c t ly  id e n t i f i e d  the v o lta g e  ©f the U2 b a ttery  
a s  1 .5  V ; 10% c o r r e c t ly  id e n t i f ie d  the v o lta g e  o f  th e  
PP9 b a ttery  a s  V and on ly  5% c o r r e c t ly  id e n t i f i e d  th e  
v o lta g e  o f  the car b a ttery  a s  12 V.
10% c o r r e c t ly  id e n t i f i e d  the v o lta g e  o f  the 13 A mains 
so c k e t . Answers in  the range 200 to  250 V were taken as  
c o r r e c t .
I t  i s  in t e r e s t in g  to  note th a t many p u p ils  a ttr ib u te d
q u ite  a high v o lta g e  to  the b a t t e r ie s .  The U2 c e l l  was 
given  anyth ing from about 20 V up to  about 200 V. In
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a d d i t io n  th e  v a lu e s  a t t r i b u t e d  to  th e  b a t t e r i e s  w ent up 
w ith  t h e i r  p h y s ic a l  s i z e ,  so  t h a t  some p u p i l s  su g g es ted  t h a t  
th e  c a r  b a t t e r y  g&ve o u t o v e r 1000 V. Most p u p i l s  were 
q u i t e  s u rp r is e d  to  d is c o v e r  t h a t  i t s  v o lta g e  was o n ly  12 V. 
C onversely  th e  v o lta g e  a t t r i b u t e d  to  th e  13 A so c k e t was 
on th e  whole rem arkab ly  low . T y p ica l v a lu e s  la y  in  th e  
re g io n  15 to  50 V.
T his i s  a  l i t t l e  s u r p r i s in g  g iv en  t h a t  "sa fe ty * 1 and hence 
low v o lta g e  i s  u s u a l ly  a t t r i b u t e d  to  b a t t e r i e s  w h ile  "danger" 
and hence h ig h  v o lta g e  i s  u s u a l ly  a t t r i b u t e d  to  th e  m ains 
e l e c t r i c i t y .  However on r e f l e c t i o n ,  we have to  re c o g n ise  
t h a t  v o lta g e  seldom h as  to  be s p e c i f ie d  when buy ing  a  
b a t te r y  o r  d o m estic  a p p l ia n c e .
3 . Draw th e  w ire s  to  jo in  th e  b a t t e r y  to  th e  b u lb  to  make i t  l i g h t  up .
Only 8 p u p i ls  a l to g e th e r  f a i l e d  to  answ er t h i s  item  
s u c c e s s f u l ly .  Most p u p i l s  made th e  m ost obv ious c o n n e c tio n s .
Draw th e  w ire s  to  j o in  th e  b a t t e r y  to  th e  b u lb s  so t h a t  th e y  a r e  
connec ted  l i k e  l i g h t s  on a  C hris tm as t r e e .
Chly 2 p u p ils  succeeded in  an sw erin g  t h i s  item  c o r r e c t ly .  
Most p u p il s  connec ted  th e  b u lb s  in  p a r a l l e l .
I t  may be t n a t  th e  r e l a t i v e  p o s i t io n s  o f  th e  b a t t e r y  and 
th e  two b u lb s  fo rc e d  th e  p u p i l s  in to  th is -  l i n e  o f  th o u g h t.
Gan we sw itch  o f f  each b u lb  on i t s  own ?
T his item  was r e l a t e d  to  th e  p re v io u s  one. k2% answ ered 
i t  c o r r e c t ly .  Some may have g iv en  th e  wrong re sp o n se  
because  o f  th e  d iagram  th e y  had drawn i n  item  ^+. However 
no a t te m p t was made to  a llo w  f o r  t h i s .
6 . Draw th e  w ire s  to  j o in  th e  b a t te r y  to  th e  b u lb s  so t h a t  th e y  can 
be sw itch ed  o f f  s e p a r a te ly .
36^  answ ered t h i s  c o r r e c t ly .  The boys ap p ea red  to  do 
b e t t e r  h e re  w ith  6 7 % o f  th e  boys b e in g  c o r r e c t  compared 
w ith  k 7 % o f  th e  g i r l s .
Some i n t e r e s t i n g  d iag ram s were p roduced , some o f  w hich a r e  
shown below 1-
(23)
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7» Draw th e  w ire s  to  jo in  up th e  b a t t e r y ,  sw itch  and b u lb .
O ily  9 p u p il s  were s u c c e s s fu l  in  t h i s  ite m , 7 boys and 
2 g i r l s .
Most p u p i l s  made a  p a r a l l e l  co n n ec tio n  so t h a t  th e  sw itc h  
was co nnec ted  a c ro s s  th e  b a t t e r y  and th e  lam p.
8 . Read th e  l i s t i  
key , ru b b e r , p ap e r c l i p ,  w ool, wood, p l a s t i c ,  c o in , p a p e r .
W rite  down th e  s e t  o f  th in g s  which w i l l  p a ss  e l e c t r i c i t y .
kZ% answ ered t h i s  item  c o r r e c t ly .  Some p u p i l s  would g ive  
th e  th r e e  co n d u c to rs  and th e n  add one o r  more i n s u l a t o r s .  
O th ers  would om it one o r  o th e r  o f  th e  c o n d u c to rs .
9 . What i s  th e  s p e c ia l  name we g iv e  to  th in g s  which p a ss  e l e c t r i c i t y  ?
iy%  gave a  c o r r e c t  re sp o n se  to  t h i c  ite m .
23^  o f  th e  boys were s u c c e s s fu l  b u t o n ly  1 5 % o f  th e  g i r l s .  
Moat p u p i l s  in d ic a te d  th a t  th e y  d id  n o t know th e  answ er 
and a  few gave wrong an sw ers, some p r e d ic ta b le  l i k e  " m e ta ls " .
10 . What do we mean by " 13 amp so c k e t M ?
I t  was hoped t h a t  th e  re sp o n se  to  t h i s  item  would in c lu d e  
th e  id e a s  t h a t  th e  so c k e t cou ld  p ro v id e  a  c u r r e n t  o f  up to  
13 amps.
12% gave an  answ er a lo n g  th e s e  l i n e s .
T his item  showed th e  b eg in n in g s  o f  th e  c o n fu s io n  betw een 
c u r r e n t  and v o lta g e  and amps and v o l t s .
A number o f  p u p i l s  th o u g h t i t  would "g ive  o u t 13 v o l t s " .  
O th ers  th o u g h t i t  had a  13 amp fu s e  i n  i t  -  p e rh ap s n o t to o  
u n re a so n a b le .
1 2 . I f  we have a  T.V. which n r eds 1 amp and an e l e c t r i c  f i r e  which 
needs k  amps plugged in to  an a d a p te r .  How many amps p a s s  th ro u g h  
th e  a d a p to r  ?
79% w ere s u c c e s s fu l  in  t h i s  i te m . Most p u p i l s  made th e
obvious suqt to  come up w ith  th e  c o r r e c t  re sp o n s e .
However some p u p il s  came up w ith  f ig u r e s  which bore  no
r e la t io n s h ip  to  th e  o r ig i n a l  num bers.
13 . I f  th e  T.V. n eds 250 v o l t s  and th e  e l e c t r i c  f i r e  needs 250 v o l t s  
how many v o l t s  m ust th °  a d a p to r  su p p ly  ?
Once a g a in  th e  p u p i l s  made th e  obv ious a d d i t io n  and came up 
w ith  th e  wrong answ er. Only one boy and two g i r l s  gave th e  
c o r r e c t  re sp o n se .
G 1early  th e  p u p ils , had fo r g o t te n  t h a t  th e  a d a p to r  o r  th e  
in d iv id u a l  a p p l ia n c e s  cou ld  e q u a lly  be p lugged  in to  a 
s o c k e t .  There was no r e a l  co n ce p t o f  v o lta g e  in  t h i s  
c o n te x t .
T his item  m ight be expec ted  to  f a v o u r . th e  b oys w hich i t  d id , 
23$  o f  th e  boys were s u c c e s s fu l  and o n ly  8% o f  th e  g i r l s .  
l6%  o f  th e  whole group w ere th e r e f o r e  s u c c e s s f u l .
Many p u p i l s  o f fe re d  rem arkab ly  h ig h  v a lu e s ; much h ig h e r  
th a n  th e y  e s tim a te d  in  th e  n e x t q u e s tio n  m ight be l e t h a l  !.•
15 . P u t a  r i n g  round th e  lo w e s t v o lta g e  t h a t  cou ld  k i l l .
3 v o l t s ;  12 v o l t s ;  5° v o l t s ;  100 v o l t s ;  250 v o l t s .
S ince  th e  a c tu a l  v a lu e  may depend on c irc u m sta n c e s  e i t h e r  
50 v o l t s  o r  100 v o l t s  was a c c e p te d .
On t h i s  b a s is  7^ % were c o r r e c t ,  boys and g i r l s  b e in g  e q u a lly  
s u c c e s s fu l .
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1 6 . W rite  down th e  c o lo u rs  o f  th e  w ire s  to  go on th e  p in s  o f  th e  
13 amp p lu g .
55% c o r r e c t ly  i d e n t i f i e d  th e  c o lo u r  o f  th e  e a r th  w ire  
(59%  o f  th e  boys and 50% o f  th e  g i r l s ) .
27% would have w ired up th e  p lu g  c o r r e c t ly ,  and i n  t h i s  
th e  boys and g i r l s  were e q u a l ly  s u c c e s s f u l .
17 . What a re  th e  f u l l  names o f  th e  th r e e  p in s?
Hie " l iv e "  p in  was c o r r e c t ly  i d e n t i f i e d  by 5 ¥% o f  th e  p u p ils ,  
The n e u t r a l  p in  p re se n te d  more o f  a  problem  was o n ly  
i d e n t i f i e d  by 32%. Some p u p i l s  c a l le d  i t  " n e g a tiv e "  b u t 
m ost d id  n o t a t te m p t to  answ er. T h e "e a rth "  p in  was 
i d e n t i f i e d  by 39%* In  each case  th e  boys perform ed b e t t e r  
th a n  th e  g i r l s .
18. What i s  t h i s  d e v ic e  ?
13 A
&+% c o r r e c t ly  i d e n t i f i e d  th e  f u s e .
19 . What does i t  do ?
The fu n c t io n  o f  a  fu s e  p re se n te d  a  p rob lem . Only 10% 
re c o g n ise d  t h a t  i t  gave p r o te c t io n  and would "blovr" i f  
n e c e s sa ry  to  g iv e  i t .
A s u b s t a n t i a l  number th o u g h t o f  i t  a s " g iv in g  power" l i k e  
a  l i t t l e  b a t t e r y .
O th ers  d e s c r ib e d  i t  a s  b e in g  needed to "  make th e  p lu g  
w ork".
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In  t h i s  s im ple  c i r c u i t20
b a t te r y
b u lbsw itch
What does th e  b a t t e r y  do to  th e  e l e c t r i c i t y  ?
39% gave an a c c e p ta b le  a cc o u n t o f  t h i s .  A few co n s id e re d  
i t  to  be a  s to r e  o f  e l e c t r i c i t y ,  o th e r s  saw i t  a s  g iv in g  
power o r  energy  to  th e  e l e c t r i c i t y .
What does th e  b u lb  do to  th e  e l e c t r i c i t y  ?
8% saw th e  b u lb  a s  an energy  co n v e rte r  . Most re sp o n se s  
d id  n o t answ er th e  q u e s t io n .
What does th e  sw itch  do to  th e  e l e c t r i c i t y  ?
6($> were s u c c e s s fu l  w ith  t h i s  and re c o g n ise d  i t s  o n -o f f  
c o n tro l  fu n c t io n .  The boys were b e t t e r  th a n  th e  g i r l s  in  
e x p la in in g  t h i s .
21. Energy i s  g iven  o u t .  Where does i t  come from ?
o v e r a l l  were s u c c e s : f u l  h e r e .  I n  t h i s  ca se  th e  g i r l s
w ere b e t t e r  th an  th e  bo y s. In  s p i t e  o f  b e in g  to ld  to
fo cu s  on th e  c i r c u i t  shown in  Q.20 a  number o f  p u p i l s
wanted to  m e n tio n  th e  sun o r  py lo n s a s  b e in g  th e  sou rce  
o f  en e rg y .
The se n te n c e s  below m ight ap p e a r in  a new spaper o r  book.
W rite " tr u e "  in  th e  box b e s id e  th e  se n te n c e  i f  th e  words used  
lo o k  r e a s o n a b le .
W rite  " f a l s e ” in  th e  box b e s id e  th e  s e n te n c e  i f  th e  words u sed  
do n o t lo o k  re a s o n a b le .
"A v o lta g e  o f  30 000 v o l t s  passed  th ro u g h  th e  man and k i l l e d  him.**
16% re c o g n ise d  t h i s  s ta te m e n t to  be f a l s e .
Boys and g i r l s  perform ed e q u a lly  in  t h i s .
"A cu rren t o f  k  amps i s  p assed  th rough  a  headlam p on a  c a r " .  ,
re c o g n ise d  t h i s  s ta te m e n t to  be t r u e .
The boys perform ed b e t t e r  h e r e .
"There i s  e l e c t r i c i t y  in  th e  w ire s  o f  an e l e c t r i c  c i r c u i t  b e fo re  
th e  b a t t e r y  i s  connected  to  i t . "
re c o g n ise d  t h i s  s ta te m e n t to  be t r u e .  The g i r l s  gave 
th e  b e t t e r  perform ance h e re .
When th e y  were to ld  th e  c o r r e c t  answ er a f t e r  th e  t e s t ,  
m ost p u p i ls  were open ly  s u r p r is e d .
\C H A P T E R  T H R E E
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3 J?1FF1 CULTIES AND SOLUTICK3_
3*1 PROBLEMS WITH S .M .F ., POTENTIAL DIFFERENCIS AND VOLTAGB.
The in v e s t ig a t io n s  which have been c a r r ie d  o u t have confirm ed  
M ughol's  c o n c lu s io ^ ^ lr a t  th e  co n cep t o f  r e s i s t a n c e  p r e s e n ts  d i f f i c u l t y  
to  many secondary  sch o o l pu p ils-. However i t  h as  become c l e a r  t h a t  th e  
co n cep t o f  p o t e n t i a l  d i f f e r e n c e  p r e s e n ts  even more d i f f i c u l t y  and 
p ro b a b ly  i s  th e  cause  o f  much o f  th e  d i f f i c u l t y  w ith  th e  co n cep t o f  
r e s i s t a n c e .
The d i f f i c u l t y  w ith  th e  co n ce p t o f  p o t e n t i a l  d i f f e r e n c e  was 
observed  a t  a l l  th e  l e v e l s  in v e s t ig a t e d .  In  th e  p rim ary  sch o o l i t s  
u se  was vague and " v o lta g e " ,  th e  term  used  a t  t h i s  s ta g e ,  was i n t e r ­
changed w ith  c u r r e n t ,  and th e  v o l t  w ith  th e  ampere q u i t e  h a p p i ly .  In
S . l  and S .2 d i f f i c u l t y  was s t i l l  fo und , though more p u p i l s  made an 
a t te m p t to  e x p la in  v o lta g e  th a n  mad.e an a t te m p t to  e x p la in  r e s i s t a n c e .
I n  S.^f th e  p u p i ls  were asked  to  d is c u s s  p o t e n t i a l  d i f f e r e n c e .  Very 
few th o u g h t o f  i t  i n  energy  te rm s a lth o u g h  th e y  re c o g n ise d  t h a t  th e  
v o l t  i s  a  jo u le  p e r  coulomb. One m ust assum e, th e r e f o r e ,  t h a t  th e  
term  p o te n t i a l  d i f f e r e n c e  in  i t s e l f  p ro v id e s  no prom pt to  th in k  in  energy  
term s, and  th e re  i s  a  la c k  o f  f a c i l i t y  in  jum ping from a  u n i t  and i t s  
d e r iv a t iv e s  to  a  d is c u s s io n  o f  th e  co n c e p t. P u p ils  in  S .5 perform ed a  
l i t t l e  b e t t e r  b u t many were s t i l l  unab le  to  d is c u s s  p o t e n t i a l  d i f f e r e n c e  
a d e q u a te ly .
I n  r e c e n t  in te rv ie w s  o f  a s p i r i n g  s tu d e n ts  f o r  p o s t-g ra d u a te  
t r a i n in g  a s  p h y s ic s  te a c h e rs  a  la c k  o f  a b i l i t y  to  d is c u s s  p o t e n t i a l  
d i f f e r e n c e  was fo und . Most a f t e r  r e f l e c t i o n  cou ld  d e f in e  th e  v o l t  b u t 
many co u ld  n o t  go on to  d is c u s s  p o t e n t i a l  d i f f e r e n c e .
The term  v o lta g e  te n d s  to  be used  by many p u p i ls  and was 
o f fe re d  a s  an e x p la n a tio n  f o r  p o t e n t i a l  d i f f e r e n c e .
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(2 )
Page (1977) c o n s id e r in g  p ro b ab ly  a  more advanced l e v e l ,  d is c u s s e s  th e  
use  o f  th e  term s e le c tro m o tiv e  f o r c e ,  p o te n t i a l  d i f f e r e n c e  and v o ltag e*
"The th r e e  te rm s ,"  he s t a t e s ,  " a re  o f te n  used  in te rc h a n g e a b ly . Some 
t e x t  books warn ab o u t th e  d i s t i c t i o n ,  b u t many e n g in e e rs  t r e a t  them a s  
synonyms. Oie r e p u ta b le  te c h n ic a l  d ic t io n a r y  d e p re c a te s  th e  u se  o f  
e le c tro m o tiv e  f o r c e ,  w hereas a n o th e r  c o n s id e rs  two o f  th e  te rm s synony­
m ous."
There was a  tendency  in  th e  o r ig in a l  v e rs io n  o f  th e  
re v is e d  S c o t t is h  I n te g r a te d  S cience  Course to  r e f e r  to  v o lta g e  a s  a  
"p u sh " . However i f  te a c h e r s  a r e  asked  to  a s s ig n  th e  a p p r o p r ia te  u n i t  
to  "a push" th e y  te n d  to  g iv e  th e  new ton, i . e .  th e  u n i t  o f  f o r c e .
However p o t e n t i a l  d i f f e r e n c e  o r  v o lta g e  i s  n o t a  f o r c e  a s  we u n d e rs ta n d  
i t  in  th e  m echan ical s e n se . Mure r e c e n t ly  v o lta g e  h as  been r e f e r r e d  
to  a s  "an e l e c t r i c a l  p re s s u re "  in  te a c h e rs*  m a te r ia l .  T h is w i l l  be 
shown l a t e r  to  be a  more a p p ro p r ia te  te rm . A number o f  S.^+ and S . 5  
p u p i l s  ap p ea red  to  th in k  o f  p o t e n t i a l  d i f i r p c e  in  fo r c e  te rm s a s  w e ll ,  
p o s s ib ly  f a l l i n g  back on th e  id e a s  e s ta b l is h e d  e a r ly  in  t h e i r  l e a r n in g  
p ro c e s s .
Derek C a r te r  H .M .I. p o in te d  o u t in  a  s h o r t  d is c u s io n  p a p e r
(2*0
t i t l e d  "E nergy, e .m .f ,  and p o te n t i a l  d i f f e r e n c e " ,  t h a t  we do n o t e x p lo i t  
s u f f i c i e n t l y  th e  work done on exchange o f  energy in  th e  S c o t t i s h  
I n te g r a te d  S cience C ourse when we te a c h  to p ic s , i n  th e  O rd inary  and 
H ig h e r Grade c o u rse s  l a t e r  on. He em phasises t h a t  more n eeds  to  be done 
to  te a c h  e .m .f .  and p o te n t i a l  d i f f e r e n c e  in  energy  te rm s . He a l s o  
su g g e s ts  t h a t  th e  term  e le c tro m o tiv e  fo rc e  shou ld  n o t be used  b u t  on ly  
i t s  sym bolic  form " e .m .f . " .
I n  h i s  p ap er he draw s a  d i s t i n c t i o n  betw een p o te n t i a l  
d i f f e r e n c e  and e .m .f .  on th e  basis- o f  th e  d i r e c t io n  o f  energy  change .
" I f  betw een any  two p o in ts  in  a  c i r c u i t  i t  i s  p o s s ib le  to  c o n v e r t  from  
e l e c t r i c a l  energy  in to  any o th e r  farm  o f  energy  th e n  a p o te n t i a l  
d i f  e re n c e  i s  s a id  to  e x i s t  between thetw o p o in t s ,  e .g .  w ith  e l e c t r i c a l  
in to  h e a t  in  an  e l e c t r i c  f i r e ,  w ith  e l e c t r i c a l  i n t o  m echan ical i n  a
lo u d sp e a k e r  o r  m oto r. We t a l k  a b o u t th e  po t e n t i a l  d i f f e r e n c e  a c ro s s  a  
lo u d sp e a k e r , e l e c t r i c  f i r e  o r  e l e c t r i c  m otor.
"Oi th e  o th e r  hand , i f  betw een any two p o in t s  in  a  c i r c u i t  i t  i s  p o s s ib le  
to  c o n v e r t from any form o f  energy  in to  e l e c t r i c a l  en erg y , th e n  an  e .m .f .  
i s  s a id  to  e x i s t  between th e  two p o in t s ,  
e .g .  h e a t  in to  e l e c t r i c a l  in  a therm ocouple 
l i g h t  in to  e l e c t r i c a l  in  a  p h o to c e l l  
m echan ica l in to  e l e c t r i c a l  in  a  m icrophone o r  dynamo.
We t a l k  a b o u t th e  e .m .f .  o f  a  therm ocoup le , a  p h o to c e l l ,  a  m icrophone 
and a  dynam o."
These d i s t i n c t i o n s  a r e  however q u i t e  s u b t le  and would 
p ro b a b ly  co n fu se  th e  is su E  f o r  many p u p i l s .
I n  a se n se  a g re e in g  w ith  G a r te r 's  d i s t i n c t i o n s  betw een e .m .f .
and p o t e n t i a l  d i f f e r e n c e ,  P a g e ^ s ly s , "The word •fo rce*  i s  o f te n  used  in  
p h y s ic s  in  a  more g e n e ra l sen se  th a n  t h a t  in  c l a s s i c a l  m echan ics, by 
r e la t in g * f o r c e * to  energy  c h a n g e s ,e .g . , exchange fo r c e s  i n  quantum 
m echan ics. The m echan ical fo rc e  on a  charge  in  an e l e c t r i c  f i e l d  i s  
qE, b u t  th e  charge may have work done on i t  by nonm echan ical* fo rc e s *. 
such  a s  chem ical o r  th e rm al e le c tro m o tiv e  'f o r c e s * .  D e f in in g  e l e c t r o ­
m otive f o r c e  in  te rm s o f  m echanical fo rc e  a lo n e  i s  one m ajo r so u rce  o f  
c o n fu s io n . F o r exam ple, P age(25 ) say s  *The e le c tro m o tiv e  fo rc e  e .m .f ,  in  
a  c i r c u i t  i s  th e  work done by th e  e l e c t r i c  f i e l d  in  th e  t r a n s p o r t  o f  a  
u n i t  charge a l l  th e  way round th e  c i r c u i t .  T h e re fo re  th e  e le c tro m o tiv e  
f o r c e  i s  th e  l i n e  i n t e g r a l
Enf =* J  E . d V. o
ta k e n  around  th e  c lo se d  curve form ed by th e  c i r c u i t . *
In  a  s t a t i c  f i e l d ,  t h i s  l i n e  i n t e g r a l  v a n ish e s ; i n  a  p a s s iv e  netw ork 
t h i s  i s  th e  e ssen ce  o f  K irc h h o ff  *s v o lta g e  law . I f  how ever an id e a l  
b a t t e r y  i s  connec ted  to  a  r e s i s t o r ,  th e  work done _on th e  ch arg e  in s id e  
th e  b a t t e r y  i s  eq u a l to  th e  work done by th e  charge  p a s s in g  th rough  th e
e l e c t r i c  f i e l d  in  th e  r e s i s t o r ;  in  t h i s  c a s e , th e  e .m .f .  i s  g iven  by 
th e  i n t e g r a l  a lo n g  th e  e x te rn a l  p a th , n o t th e  c lo se d  p a th  in c lu d in g  th e  
b a t t e r y .  The e x te rn a l  i n t e g r a l  g iv e s  th e  v o lta g e  d rop : in  th e  lo a d ; 
th e  'v o l t a g e  r i s e '  o r  e .m .f .  in  th e  c e l l  i s  n o t due to  an  e l e c t r i c  
f i e l d ,  b u t to  a  change in  chem ica l p o t e n t i a l ,  i . e .  a  g e n e ra l is e d  fo rc e .* 1
O bviously some o f  t h i s  d is c u s s io n  cou ld  be c o n s id e re d  to  be 
beyond th e  scope o f  even H igher Grade; p h y s ic s .  However we m ust ta k e  i t  
i n to  acc o u n t in  ev o lv in g  a  te a c h in g  s t r a t e g y  f o r  th e  v a r io u s  s ta g e s .
The b a s ic  problem  a p p e a rs  to  be in  s e p a r a t in g  cause  and 
e f f e c t .  An e le c tro m o tiv e  fo rc e  i s  re q u ire d  to  cau se  th e  movement o f  
ch arg es  b u t t h i s  " fo rc e "  i s  m easured in  te rm s o f  en erg y . T h is energy  
i s  som etim es s a id  to  p ro v id e  th e  n e c e ss a ry  fo rc e  b u t u n le s s  th e  fo rc e  
a l re a d y  e x is te d  th e  energy cou ld  n o t .  The d i f f i c u l t y  i s  p ro b a b ly  compounded 
by th e  f a c t  t h a t  th e  d e f in i t i o n  f o r  p o t e n t i a l  d i f f e r e n c e  i s  e s s e n t i a l l y  
based  on e l e c t r o s t a t i c s ,  a  to p ic  n o t to o  w e ll  u n d ers to o d  a t  th e  b e s t  
o f  tim e s , and on e s s e n t i a l l y  m echan ical id e a s .  In  p r a c t i c e ,p o t e n t i a l  
d i f f e r e n c e  i s  u sed  i n  th e  c o n te x t o f  b a t t e r i e s  and r e s i s t o r s  and i s  
d is c u s s e d  more on th e  b a s is  o f  sym bols and u n i t s  w ith  im proper u n d e r­
s ta n d in g  o f  th e  mechanism o f  c u r r e n ts  and energy  t r a n s f e r .  The problem  
i s  f u r t h e r  a g g ra v a te d  by th e  o rd e r  o f  p r e s e n ta t io n  based  on S . I .  u n i t s  
w hich means t h a t  we s t a r t  w ith  c u r r e n t  and i t s  u n i t  th e  ampere and th e n  
d e f in e  th e  u n i t  o f  c h a rg e ,th e  coulomb. The fundam ental q u a n t i ty  i s  
o f  c o u rse , ch a rg e , from which we can lo g i c a l l y  b u ild  up a  p i c tu r e  o f  
w hat i s  happen ing  and a ls o  a  lo g i c a l  s e t  o f  u n i t s  and sym bols.
3 .2  STEPS TO POTENTIAL DIFFERENCE
We can i l l u s t r a t e  i n  f ig u r e  3 .1  th e  r e l a t i o n s h ip  betw een 
th e  p h y s ic a l  q u a n t i t i e s  le n g th ,  c h a rg e , and tim e  and th e  q u a n t i t i e s  we 
can d e r iv e  from them . A longside th e  q u a n t i t i e s  have been w r i t t e n  t h e i r  
S . I .  u n i t .
In  t h i s  d is c u s s io n  ch a rg e  i s  ta k en  a s  th e  b a s ic  q u a n t i ty .
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The e le c tr o n  fo r  example, p o sse s se s  mass and charge. A la r g e r  o b jec t  
in  the m acroscopic co n tex t, can a ls o  be con sid ered  to  p o sse s s  mass and 
charge. The u n it  o f  charge i s  the coulomb (G) .
Surrounding the charge th ere i s  a reg ion  in  which i t  can ex er t a fo r c e  
on another charge. This reg ion  i s  the f i e l d  o f the charge. To u se  
modern parlance we might use th e term "force f ie ld "  which i s  more 
d e s c r ip t iv e ,  and which "Star Wars" has made p a rt o f  the vocabulary o f  
many p u p ils .. The magnitude o f  the "force f ie ld "  i s  measured by the  
fo r c e  i t  would exerr on a charge o f  1 coulomb p laced  in  i t .  The lo g i c a l  
u n it  i s  th ere fo re  the newton per coulomb (N C ^ ) .  We are th ere fo re  
in  gen era l measuring the fo r c e  per u n it  charge. This u n it  i s  ra th er  
more d e s c r ip t iv e  than the normal u n it  used , th e  v o l t  per metre*, although  
the l a t t e r  has i t s  u ses la t e r .
O bviously, the a c tu a l fo rce  exerted  on one charge by th e o th er  i s  
measured in  newtons (N ).
When work i s  done on an e l e c t r ic  charge p laced  in  the f i e l d  o f  another  
charge, energy can be s to red . The work done i s  measured in  newton m etres 
(N m) and the energy stored  i s  measured in  jo u le s  ( J ) .  The work done i s  
equal to  the energy srored .
The energy s to red , measured with r e sp e c t  to  a zero p o in t i s  c a l le d  the  
c a l le d  the p o te n t ia l  o f  a p o in t . The p o s it io n  fo r  zero energy in  
e le c t r o s t a t ic s ,  i s  u su a lly  taken as  b ein g  a t  an i n f i n i t e  d is ta n ce  from 
a charge. The sto red  energy i s  measured a s  th e enrrgy c o u ld  be g iv e n  t o  one
coulomb o f  charge and the u n it  i s  th ere fo re  the jo u le  per coulomb ( j  C ^ ) .
This u n it  i s  o f  course given  i t s  own name, th e  v o l t  (V ). Hence
1 v o l t  =* 1 jo u le  per coulomb.
The energy d iffe r e n c e  per coulomb between two p o in ts  in  th e  f i e l d  i s  
c a l le d  the p o te n t ia l d if fe r e n c e  and i s  measured in  v o lt s  (V ). I f  the
ex tern a l fo rce  i s  removed which gave the charge i t s  p o te n t ia l ,  the
charge can move and the energy be transformed in to  o ther fo rm s,fo r  
example h ea t or', k in e t ic  energy.
I f  we measure the ra te  a t  which th e energy i s  r e lea sed  we can measure
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th e  pow er i n  w a t ts  (w ).
A longside th is  l i n e ,  we note th a t th e r a te  a t  which th e  charge moves 
measured in  coulombs per second (C s"^) g iv e s  us the cu rren t. To 
t h i s  a ls o  i s  a ssign ed  the name ampere (A ).
1 ampere = 1 coulomb per second.
We s h a ll  note fo r  the p resen t th a t th e  product o f  the p o te n t ia l  
d iffe r e n c e  and cu rrent a ls o  g iv e s  the power d is s ip a te d . However i t  
i s  more ap p rop riate to  con sid er  t h i s  in  depth la t e r .
3*3 ANALOGIES 3STWEHN EL5CHRIGAL AKD GRAVITATIONAL POTENTIAL..
In  f ig u r e  3*2 we have a lay o u t id e n t ic a l  to th a t  f o r  the  
e l e c t r ic a l  q u a n t it ie s  w ith which we can in v e s t ig a te  th e  q u a n t it ie s  
le n g th , mass and tim e and th e  q u a n t it ie s  which are derived  from them. 
Mass i s  a fundamental property o f  a body, the s iz e  o f  which we measure 
in  kilogram s (k g ) . Surrounding th e  body i s  a " force f ie ld "  norm ally  
re ferred  to  a s  the g r a v ita t io n a l f i e l d  which i s  measured in  newtons per  
kilogram  (N kg ^ ) . At the su rfa ce  o f  the earth the g r a v ita t io n a l  
f i e l d  s tren g th  i s  "g", 10 N kg \
I f  another mass i s  p laced  in  the g r a v ita t io n a l f i e l d  a fo r c e  a c ts  on 
i t .  T his fo r c e  i s  measured in  newtons (N ). The fo rce  i s  ca lc u la te d  
from the product o f  th e  mass w ith  th e g r a v ita t io n a l f i e l d  s tr e n g th .
The g r a v ita t io n a l fo r c e  between two masses i s  an a t t r a c t iv e  one. I f  
t h i s  a t t r a c t iv e  fo r c e  i s  balanced so th a t one mass i s  moved away from 
the o th er , then work i s  done. The work i s  measured in  newton m etres 
(N m). The mass s to r e s  t h is  work as g r a v ita t io n a l p o te n t ia l  energy  
measured in  jo u le s  (J ) .
The p o te n t ia l  energy s to red  per kilogram by a mass could be g iven  a 
a s p e c ia l name s p e c i f i c  p o te n t ia l  energy . This i s  more u su a lly  
re ferred  to  as g r a v ita t io n a l p o te n t ia l  and would have the u n it  jo u le s  
per kilogram  (J kg ^ ) .
This i s  e x a c t ly  analogous to  e l e c t r ic a l  p o te n t ia l  measured in  jo u le s  
per coulomb.
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The mass can r e le a s e  i t s  p o te n t ia l energy a s  k in e t ic  energy measured in  
jo u le s ,  and i f  we measure the r a te  a t  which the energy i s  r e le a se d  then  
we measure the power in  watts*
Analogous to e l e c t r ic  current we can id e n t i f y  mass flow  which i s  measured 
in  kilogram s per second (kg s*”1 ) .
Comparing f ig u r e s  J,1  and 3*2 we f in d  analogous concepts in  each box.
Force, energy and power provide c le a r  comparison p o in ts  where the u n it s  
a re  id e n t ic a l .  I h is  makes g r a v ita t io n a l analogues fo r  e l e c t r ic a l  
phenomena, p roperly  u sed , very a t t r a c t iv e .
3 ^  ANALOG!B3 BETWEEN ELECTRIC AND HYDROSTATIC POTENTIAL* ~ *.
S e tt in g  up a p a ttern  to  show the lin k s  between the d if f e r e n t  
p h y s ic a l quantities:encountered  in  h y d r o s ta tic s  i s  a l i t t l e  more d i f f i c u l t  
than in  the e l e c t r ic a l  and g r a v ita t io n a l c a se s . However f ig u r e  3*3
which i s  one attem pt to  do t h i s ,  does show obvious s im i la r i t i e s  to
f ig u r e s  3,1  and 3 .2 .
Although we s t a r t  w ith the q u a n t it ie s  le n g th , mass and tim e, we have
to  b rin g  in  the a d d it io n a l q u a n t it ie s  o f  a rea , volume and d e n s ity  to
a llow  us to  d isc u ss  f lu id s .  In  a d d itio n , s in c e  h y d r o s ta t ic  phenomena 
a re  due e s s e n t ia l ly  to  the g r a v ita t io n a l f i e l d ,  t h i s  has to  be 
in troduced  a lo n g s id e .
To be c o n s is te n t  w ith the o th er  two diagrams, we can id e n t i f y  a hydro­
s t a t i c  f i £ l d  which i s  the fo rce  a c t in g  on u n it  volume. This- i s  measured
_ O
in  newtons per cu b ic metre (N m ) and i s  analogous to  the e l e c t r ic  
and g r a v ita t io n a l f i e l d s .
When the h y d r o sta tic  f i e l d  a c ts  on a volume o f l iq u id  then a fo r c e  i s  
ex er ted , which o f  cou rse , i s  measured in  newtons.
In  a l iq u id  th e  fo rce  a c t in g  can be taken as  a c t in g  over an area and
i s  c a l le d  the h y d r o sta tic  p ressu re . This i s  most ob v io u sly  measured
—2in  newtons per square metre (N m ) ,  but has the s p e c ia l  name p a sca l (P a).
Ihe p ressu re  may a ls o  be measured in  terms o f  the energy per u n it  volume, 
w ith  u n it s ,  jo u le s  per cu b ic m e tr e ,( j  m which can e a s i ly  be seen  to
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—2be e q u iv a l e n t  t o  N in ,
A p o s s ib le  a l t e r n a t i v e  term  f o r  p re s s u re  i s  s p e c i f i c  energy  . Comparing 
u n i t s  i t  i s  c l e a r ly  analogous to  e l e c t r i c a l  p o t e n t i a l  and g r a v i t a t i o n a l  
p o t e n t i a l .  T his makes p re s s u re  a  much more a c c e p ta b le  v e rb a l  ana logue  
f o r  p o t e n t i a l  d i f f e r e n c e  o r  v o lta g e  th a n  p u sh .
F in a l ly  a s  w ith  th e  e l e c t r i c a l  and g r a v i t a t i o n a l  c a se s  we ob serv e  
an a lo g o u s l i n k s  w ith  c u r r e n t ,  energy  and pow er. T his th e re f o r e  makes 
a  w a te r  ana logue  f o r  e l e c t r i c a l  phenomena a t t r a c t i v e  p ro v id ed  i t  i s  
used  w ith  c a r e .
3 .5  COMPARE SCN OF ELECTRICAL, GRAVITATIONAL AND HYDROSTATIC QUANTITIES.
I n  th e  p re v io u s  s e c t io n s  we have shown one way o f d is p la y in g  
and e x p la in in g  th e  p h y s ic a l  q u a n t i t i e s  a s s o c ia te d  w ith  e l e c t r i c a l ,  
g r a v i t a t i o n a l  and h y d r o s ta t i c  phenomena. S ince o u r p a r t i c u l a r  concerns- • 
a r e  th e  co n ce p ts  o f  e l e c t r i c  p o t e n t i a l  and p o te n t i a l  d i f f e r e n c e ,  i t  . v' 
would a p p e a r  to  be u s e fu l  to  s t a r t  w ith  th e se  and o p e ra te  on them to  
p roduce some o f  th e  a s s o c ia te d  p h y s ic a l  q u a n t i t i e s ,  and a t  th e  same tim e , 
perfo rm  a  s im i la r  e x e rc is e  w ith  th e  e q u iv a le n t  g r a v i t a t i o n a l  and 
h y d r o s ta t ic  q u a n t i t i e s .
The r e s u l t s  o f  t h i s  e x e rc is e  a re  d is p la y e d  in  t a b l e  3«1«
We c o n s id e r  th e  p h y s ic a l  q u a n t i t i e s  p o t e n t i a l ,  f i e l d ,  f o r c e ,  c u r r e n t  
and pow er. I n  each box, w here p o s s ib le ,  th e  q u a n t i ty  h as  been named, 
i t s  S . I .  u n i t  g iv en  and th e  u n i t s  from  which i t  came.
I f  we lo o k  on g r a v i t a t i o n a l  and h y d r o s ta t i c  q u a n t i t i e s  a s  
p o s s ib le  v e rb a l an a lo g u es  to  e x p la in  e l e c t r i c a l  q u a n t i t i e s  th en  we can 
se e  v e ry  e a s i l y  from ta b le  3 .1  t h a t  p ro v id ed  we ta k e  s p e c i f i c  p o te n t ia l  
energy  and h y d r o s ta t ic  p r e s su re  a s  b e in g  an a lo g u es  f o r  e l e c t r i c  
p o t e n t i a l  th e n  a  co h eren t, s e t  o f  s ta te m e n ts  b u i ld s  up f o r  th e  o th e r  
p h y s ic a l  q u a n t i t i e s .  On th e o th e r  hand , i f  f o r  example we to o k  fo rc e  
a s  an  ana logue  f o r  e l e c t r i c  p o t e n t i a l ,  t h i s  would n o t  work.
I t  i s  i n t e r e s t i n g  to  n o t ic e  how fo rc e  and power a c t  a s
T a b le  3 . 1  Comparison o f  e l e c t r i c a l  g r a v i t a t i o n a l  and h y d r o s t a t i c  
q u a n t i t i e s
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PHYSICAL
QUANTITY
ELECTRICAL
QUANTITY
GRAVITATIONAL
QUANTITY
HYDROSTATIC
QUANTITY
p o t e n t i a l
e l e c t r i c  p o t e n t i a l  
p o t e n t i a l  d i f f e r e n c e  
v o l t  
= j o u l e / c o u l o m b
s p e c i f i c  p o t e n t i a l  
e n e rg y
j o u l e / k i l o g r a m
p r e s s u r e
p a s c a l
= j o u l e / m e t r e
f i e l d
e l e c t r i c  f i e l d  
i n t e n s i t y  
v o l t / m e t r e  
= newton/coulomb
g r a v i t a t i o n  f i e l d  
s t r e n g t h
n e w t o n /k i lo g r a m
h y d r o s t a t i c
f i e l d
p a s c a l / m e t r e  
= n e w to n /m e t r e
f o r c e
f o r c e f o r c e f o r c e
newton newton newton
c u r r e n t
e l e c t r i c  c u r r e n t  
ampere
= cou lom b/second
mass f low 
k i l o g r a m / s e c o n d
c u r r e n t
m e t r e s / s e c o n d
power
( p . d .  x c u r r e n t )
e l e c t r i c  power 
= p . d .  x c u r r e n t
jo u l#  coulomb 
coulomb A second
power
s p e c i f i c
P .E .  x mass f low 
j o u l e  k i l o g r a m  
k i l o g r a m  second
power 
= p r e s s u r e  
x c u r r e n t  
j o u l e  m e t r e  
3 A s econdm et re
= j o u l e / s e c o n d = j o u l e / s e c o n d = j o u l e / s e c o n d
= w a t t = w a t t = w a t t
11'+
l i n k in g  c o n ce p ts  between th e  th re e  s e t s  o f  q u a n t i t i e s .
In  ou r te a c h in g  we co u ld  do a  l o t  more to  d em o n stra te  
th e se  l i n k s  and p e rh ap s  h e lp  some p u p i l s  to  go from more ta n g ib le  
m echan ica l co n ce p ts  to  more a b s t r a c t  e l e c t r i c a l  o n e s . The S . I .  u n i t s  
p ro v id e  a  v e ry  e le g a n t way o f  d e m o n s tra tin g  t h i s  u n i ty .
3• 6 USE OF THE TERMS ELECTROMOTIVE FORGE, POTENTIAL DIFFERENCE AND 
VOLTAGE.
The c o n tin u in g  use  o f th e  term  p o te n t i a l  d i f f e r e n c e  i s  
u s u a l ly  d efen d ed  on th e  b a s is  t h a t  i t  k eep s b e fo re  p u p i l s  th e  id e a  
t h a t  we a re  t a lk in g  ab o u t an energy  d i f f e r e n c e .  The r e s u l t s  o f  th e  
q u e s t io n n a ir e  p re s e n te d  to  p u p ils  in  S .'f and S*3 would in d i c a te  t h a t  
t h a t  i s ,  n o t n e c e s s a r i ly  th e  c a se .
The term  e le c tro m o tiv e  fo rc e  te n d s  to  p e rp e tu a te  th e  id e a  
t h a t  we a re  t a lk in g  ab o u t fo rc e s  when '.c o n s id e rin g  b a t t e r i e s  and f o r  
example induced  e .m . f . s .
I t  would ap p ea r th e r e f o r e ,  t h a t  th e r e  cou ld  be much to  be 
ga in ed  i n  u s in g  th e  term  v o l ta g e , s u i ta b ly  d e s c r ib e d  and d e f in e d ,  i n  
te a c h in g  and exam ining  th e  p h y s ic s  c o u rse  up to  th e  O rd in ary  Grade.
T his id e a  i s  r e in fo rc e d  by a  s tu d y  o f a  number o f  p h y s ic s  t e x t  books 
w r i t t e n  f o r  German p u p i l s .
The E n g lish  word v o lta g e  can be t r a n s l a t e d  i n to  th e  German 
word Spannung . Spannung can a ls o  be t r a n s l a t e d  a s  te n s io n  which c l e a r ly  
h as  c o n n o ta tio n s  o f  f o r c e ,  b u t i t s  norm al s c i e n t i f i c  usage i s  c h i e f ly  
e l e c t r i c a l ,  f o r c e  b e in g  t r a n s l a te d  a s  K r a f t .
The im p o rta n t a s p e c t  f o r  u s  i a  th e  German u se  o f  compound 
words w hich h e lp  to  d e s c r ib e  and q u a l i f y  and which can be t r a n s l a te d  
in to  E n g lish  by an alogous s h o r t  p h ra s e s .
The fo llo w in g  l i s t  cou ld  e a s i l y  be used  in  te a c h in g  
e l e c t r i c i t y  f o r  O rd inary  G rade;-
German
e l e k t r i s c h e  Spannung 
Q uellenspannung  
Klemmenspannung 
S p an n u n g sab fa ll 
In d u k tio n ssp an n u n g  
e f f e k t iv e  Spannung 
Anodenspannung 
P rim arspannung
E ng lish  ( Re comm end ed ) 
v o lta g e
source  v o lta g e  
te rm in a l v o lta g e  
v o lta g e  d rop  
induced  v o lta g e  
e f f e c t iv e  v o lta g e  
anode v o lta g e  
p rim ary  v o lta g e  
se&asadary v o lta g e
E n g lish (P re s e n t)
e le c tro m o tiv e  fo rc e  
p o t e n t i a l  d i f f e r e n c e  
p o te n t i a l  d i f f e r e n c e  
induced  e .m .f .
S ekundarspannung
T h is  l i s t  cou ld  be expanded to  cover a l l  th e  e l e c t r i c a l  work covered  
up to  H igher Grade and beyond w ith o u t u s in g  e i t h e r  o f  th e  term s 
e le c tro m o tiv e  fo r c e  ( e .m . f . )  o r  p o t e n t i a l  d i f f e r e n c e  ( p . d . ) .
An exam ination  o f  s e v e ra l  so u rc e s  p ro v id e s  u s  w ith  a  number 
o f  d e f in i t io n s ,  f o r  p o te n t ia l  d i f f e r e n c e  and i t s  u n i t , t h e  v o l t .  These 
have  one th in g  in  common t h a t  th e y  a r e  a l l  s tu d ie d  w ith  r e f e r e n c e  to  th e  
lo a d  r a t h e r  th a n  th e  so u rc e , A s e le c t io n  o f  th e s e  i s  shown below .
^ P u p ils  sh o u ld  a c q u ire  th e  a b i l i t y  to :
1 r e c a l l  t h a t  th e  p o te n t i a l  d i f f e r e n c e  ( p .d . )  betw een two p o in ts  
i s  a  m easure o f  th e  work t h a t  has to  be done to  move one 
coulomb o f  charge from one p o in t  to  th e  o th e r .
2 reca ll t h a t  i f  1 jo u le  o f  work h as  to  be done to  move 1 coulomb 
o f  charge from  one p o in t  to  a n o th e r  th e  p .d .  betw een th e  p o in t s  
i s  1 v o l t .  **
(Memorandum 3^) ( ^  )
"The p o te n t i a l  d i f f e r e n c e  ( p .d . )  betw een two p o in ts  i s  th e  work
done, o r  energy  expended, in  t r a n s f e r r i n g  u n i t  charge  betw een th o s e
p o i n t s . " (W ebster) ( 26)
" I f  we r e q u i r e  1 jo u le  o f  energy  to  t r a n s f e r  1 coulomb o f  charge
betw een th e  p l a t e s ,  we say  t h a t  th e re  i s  a  p o t e n t i a l  d i f f e r e n c e  
( p .d . )  o f  1 v o l t . "  (C h ck e tt e t  a l )  (2 7 )
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"The v o l t  i s  d e f in e d  a s  a  jo u le  p e r  coulom b." ( j a r d i n e )  (2 8 )
For p u p i l s  who a re  l e a r n in g  t h i s  f o r  th e  f i r s t  tim e ,
som tim es in  th e  t h i r d  y e a r  and more no rm ally  in  t h e i r  f o u r th  y e a r ,  th e
fo rm at o f  th e  d e f i n i t i o n  r e q u i r e s  an a b i l i t y  to  o p e ra te  a t  a  f a i r l y  
h ig h  l e v e l .  I f  on th e  o th e r  hand , th e  d e f in i t i o n  f o r  p o t e n t i a l  d i f f e r e n c e  
w ere made from th e  s ta n d p o in t  o f  th e  sou rce  o f  energy , th e  i n t e l l e c t u a l  
l e v e l  a t  which th e  p u p i l  m ust o p e ra te  may be red u ce d .
F or exam ple, i f  we change th e  d e f i n i t i o n  f o r  p o t e n t i a l
d i f f e r e n c e  to
" p o te n t ia l  d i f f e r e n c e  i s  th e  energy  g iven  by an  e l e c t r i c a l  
so u rce  to  one coulomb o f  ch a rg e"  
and i f  i n  l i n e  w ith  t h i s  we th en  d e f in e  th e  v o l t  by
"a p o te n t i a l  d i f f e r e n c e  o f one v o l t  w i l l  g iv e  to  one coulomb 
o f  charge one jo u le  o f  energy" 
we have d e f in i t i o n s  which a r e  more e a s i l y  used  and w hich a r e  more d i r e c t .  
We cou ld  a l s o  w ith o u t lo s s  o f  ac c u ra c y , g iv e  th e s e  d e f i n i t i o n s  f o r  
p o t e n t i a l  d i f f e r e n c e  in  term s o f  v o lta g e .
"V oltage i s  th e  energy  g iv en  by an e l e c t r i c a l  so u rc e  to  
one coulomb o f  c h a rg e ."
"A v o lta g e  o f  ©ne v o l t  w i l l  g ive  to  one coulomb o f  ch arg e  
one jo u le  o f  e n e rg y ."
From th e s e  d e f i n i t i o n s  we can b u i ld  up th e  r e l a t io n s h ip  betw een en erg y , 
charge and v o l ta g e .
A v o lta g e  o f  1 v o l t  g iv e s  1 coulomb o f  charge  1 jo u le  o f energy
A v o lta g e  o f  2 v o l t s  g iv e s  1 coulomb o f charge 2 jo u le s  o f  energy
A v o lta g e  o f  V v o l t s  g iv e s  1 coulomb o f ch arg e  V jo u le s  o f  energy
A v o lta g e  o f  V v o l t s  g iv e s  2 coulombs cfi charge  2 V jo u le s  o f  energy
A v o lta g e  o f  V v o l t s  g iv e s  Q coulombs cf charge  Q V jo u le s  o f  energy
= E jo u le s  o f energ y .
H ence e n e rg y  = ch a rg e  x  v o l ta g e
E -  Q x V
Q
1 v o l t  = j ° u le
1 coulomb
I V  = 1 j g ' 1
U sing t h i s  approach  we a re  o f f e r in g  p u p i ls  a  tre a tm e n t which shou ld  be 
w ith in  t h e i r  c a p a b i l i t i e s  m a th e m a tic a lly . In  a d d i t io n  we a re  p la c in g  
a  l a b e l  on th e  p h y s ic a l  q u a n t i ty  o f  v o lta g e  which p o in t s  unam biguously 
to  i t s  u n i t  th e  v o l t  and th e  method o f  m easu ring  i t ,  th e  v o l tm e te r .
3 -7  SEPARATING VOLTAGE, CUfiRBTJT AND RESISTANCE.
Hie fo llo w in g  d e f in i t i o n s  ap p e a r in  th e  Oxford I l l u s t r a t e d  
D ic t io n a ry  f o r  th e  v o l t ,  ampere and ohmj-
v o l t  -  u n i t  o f  e le c tro m o tiv e  f o r c e ,  th e  e l e c t r i c a l  p re s s u re  t h a t  i f
. s t e a d i l y  a p p lie d  to  a  co n d u c to r whose r e s i s ta n c e  i s  one ohm w i l l  
p roduce a  c u r r e n t  o f  one am pere.
ampere -  u n i t  o f  amount o r  flow  i n  an e l e c t r i c  c u r r e n t ,  b e in g  th a t  
produced  by one v o l t  a c t in g  th rough  a  r e s i s ta n c e  o f  one ohm.
ohm -  u n i t  o f  e l e c t r i c a l  r e s i s t a n c e ,  r e s i s t a n c e  o f  a c i r c u i t  in  which 
p o te n t i a l  d i f f e r e n c e  o f  one v o l t  p roduces c u r r e n t  o f  one am pere.
Hie m ost obv ious d i f f i c u l t y  w ith  t h i s  s e t  o f  d e f in i t i o n s  i s  
th e  v ic io u s  c i r c l e  in  which th e y  move. Secondly  th e re  i s  an a lm o st 
c a v a l ie r  jump between e le c tro m o tiv e  fo rc e  and p o te n t i a l  d i f f e r e n c e .  
However th e s e  d e f in i t i o n s  do r e f l e c t  th e  re sp o n se s  which many p u p i l s  
and more m ature s tu d e n ts  g ive  f o r  th e  th r e e  u n i t s .
In  th e  p re v io u s  s e c t io n ,  we n o ted  how th e  p o p u la r  te x tb o o k  
d e f i n i t i o n s  f o r  p o te n t i a l  d i f f e r e n c e  tended  to  lo o k  a t  w hat energy  had 
been g iv en  to  th e  charge and hence deduce th e  p o te n t i a l  d i f f e r e n c e .  In  
more p r a c t i c a l  term s i t  tended  to  lo o k  a t  th e  lo a d  and deduce th e  
p o t e n t i a l  d i f f e r e n c e  o f  th e  so u rc e .
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I h i s  l i n k  betw een lo a d  and so u rce  te n d s  to  be p e rp e tu a te d  in  p u p ils*  
minds and f o r  th is -  re a so n  th e y  ten d  to  f in d  i t  d i f f i c u l t  to  lo o k  a t  
each co n cep t in  i s o l a t i o n .
U sing v o lta g e  in  p re fe re n c e  to  p o t e n t i a l  d i f f e r e n c e ,  we can 
r e p r e s e n t  th e  l i n k s  formed by th e  p u p i ls  a s
c u r r e n tv o lta g e
r e s i s t a n c e
To s e p a ra te  th e s e  co n ce p ts  we m ust t r y  a s  f a r  a s  p o s s ib le  
to  i d e n t i f y  ex p erim en ts  and exam ples which can r e l a t e  to  and d e f in e  
each one on i t s  own. Che way o f  d o in g  t h i s  i s  to  s e p a r a te  so u rc e s  and 
consum ers. I f  we t r y  to  i d e n t i f y  w hat i s  happen ing  in  d i f f e r e n t  v o lta g e  
sources, to  th e  e l e c t r i c  ch arg es  on one hand, and then  i d e n t i f y  w hat 
happens to  them in  th e  consum ers o r  lo a d s  on th e  o th e r ,  th e n  we co u ld  
go some way to  e l im in a te  p roblem s on e l e c t r i c a l  c i r c u i t s  l a t e r .
Ico n d u c to rs ] ]r e s is ta n c e !  
energy  " l o s s ”
{consumers 1 | c u r r e n t !
movement o f  e l e c t r i c i t y  
movement o f  ch a rg es
movement o f  e l e c t r o n s
.energy c o n v e rted
energy  sh a re d
h e a t - ^ e le c  in  therm ocouple
mech-*>elec i n  dynamo
sources"! | voltage"] 
chem -».elec in  b a t te r y
l i g h t - » e l e c  i n  p h o to c e l l
energy  ( p o te n t i a l )
C h a r a c te r i s t i c s  o f s o u rc e s ,  consum ers and c o n d u c to rs .
-gjgQ.fr
Some o f  th e  e a s i l y  i d e n t i f i a b l e  c h a r a c t e r i s t i c s  o f  e l e c t r i c a l  s o u rc e s ,  
consum ers and co n d u c to rs  a re  shown in  f ig u r e
F ocusing  f i r s t  o f  a l l  on e l e c t r i c a l  so u rc e s , th e  im p o rta n t 
f e a tu r e  i s  th e  v o lta g e  which e x i s t s  betw een i t s  te rm in a ls .  T his v o lta g e  
m easures th e  p o te n t i a l  energy a v a i la b le  in  e l e c t r i c a l  form . The v o lta g e  
i s  due to  an energy  change ta k in g  p la c e  f o r  example from chem ical 
energy  to  e l e c t r i c a l  energy  in  a b a t te r y  and from m echan ica l energy  to  
e l e c t r i c a l  energy  in  a dynamo. The energy  o f  an  e l e c t r i c a l  so u rce  can 
be c o n s id e re d  to  be a f u e l .  I t  i s  im p o rta n t to  n o te  t h a t  th e  source  
canno t g iv e  o u t i t s  energy  u n t i l  a  consum er i s  a t ta c h e d  to  i t .  No 
e l e c t r i c  c u r r e n t  e x i s t s  in  th e  so u rce  u n t i l  a  consumer i s  a t ta c h e d  to  
i t .  Tne s iz e  o f  th e  e l e c t r i c  c u r r e n t  depends on th e  consum er.
F ocusing  now on th e  e l e c t r i c a l  consum ers, we n o te  t h a t  i f  
th e y  a r e  n o t co n n ec ted  to  an e l e c t r i c a l  so u rce  n o th in g  h ap p en s . When 
th e y  a r e  c o n n e c te d , , th e  obvious c h a r a c t e r i s t i c  i s  th e  c u r r e n t  which 
e x i s t s  i n  th e  consum er. T his c u r r e n t  c a r r i e s  th e  energy  from  th e  so u rce  
and changes i t  from e l e c t r i c a l  energy  in to  some o th e r  form  f o r  example 
m echan ica l energy  in  an e l e c t r i c  m otor and h e a t  energy  i n  a  lam p.
E l e c t r i c a l  consum ers a r e  th e re fo re  r e a l l y  energy  c o n v e r te r s .
The r a t e  a t  which energy  i s  re q u ire d  by th e  consum er i s  
m atched by th e  r a t e  a t  which i t  i s  g iven  o u t by th e  so u rc e . T h is  i s  
ach iev ed  by v a ry in g  th e  c u r r e n t  th rough  th e  so u rce  and consum er. The 
so u rce  s u p p lie s  th e  c u r r e n t  demanded by th e  consumer (w ith in  i t s  
c a p a b i l i t i e s ) •
Many p u p ils  ten d  to  se e  th e  v o lta g e  and c u r r e n t  in  a  so u rce  
a s  f ix e d  q u a n t i t i e s  and th e re fo re  make m is tak es  when p re s e n te d  w ith  a 
problem  where th e  lo a d  and hence th e  c u r r e n t  demand changes.
F ocusing  f i n a l l y  on th e  e l e c t r i c a l  co n d u c to rs  which a re
n e c e ss a ry  to  j o in  th e  so u rc e s  and consum ers, we f in d  t h a t  th e  c h a r a c t e r i s t i c
p ro p e r ty  o f  th e s e  i s  r e s i s t a n c e .  A p e r f e c t  co n d u c to r p a s s e s  e l e c t r i c i t y  
w ith o u t any o p p o s it io n . No energy  i s  th e re f o r e  r e q u ire d  to  p ass  i t .
However in  p r a c t ic e  a l l  c o n d u c to rs  p r e s e n t  some o p p o s itio n  to  th e  
movement o f  e l e c t r i c i t y ,  some more th a n  o th e r s .  In  e l e c t r i c a l  te rm s 
th e  energy  re q u ire d  to  allDw th e  e l e c t r i c i t y  to  p a ss  i s  observ ed  a s  a  
v o lta g e  o r  v o lta g e  d rop  a c ro s s  th e  c o n d u c to r . When we f i n a l l y  come 
to  m easure th e  o p p o s itio n  o r  r e s i s ta n c e  we have to  do i t  in  te rm s o f  
v o lta g e  and c u r r e n t .  T h is  i s  when we can f in d  th e  v ic io u s  c i r c l e  we 
n o ted  a t  th e  b eg in n in g  o f  t h i s  s e c t io n .
To s e p a ra te  v o l ta g e , c u r r e n t  and r e s i s ta n c e  s u c c e s s f u l ly  we 
r e q u i r e  experim en ts  which d em o n stra te  t h e i r  c h a r a c t e r i s t i c s  a s  s im ply  
a s  p o s s ib le .  Very o f te n  s u i ta b le  experim en ts  come from t h e i r  d e f in in g  
e q u a t io n s .
( a ) G iving a  " f e e l ” f o r  th e  v o l t  a s  one jo u le  p e r  coulomb
Ihe  fo llo w in g  d e m o n stra tio n  i s  s l i g h t l y  d is h o n e s t  in s o f a r  
t h a t  i t  does n o t s t r i c t l y  sp eak in g  u se  one coulomb b u t i t  does u se  a  
u n i t  c h a rg e . The c i r c u i t  diagram  i s  shown in  f ig u r e  3*5*
D em onstra tion  o f  " jo u le  p e r  coulomb"
f i g .  3*5
I n  th e  d iagram  two 6V n i f e  b a t t e r i e s  B1 and B o r  e q u iv a le n t  a re  
co n n ec ted  in  s e r i e s .  A i s  th e re fo re  a t  12 V w ith  r e s p e c t  to  G and B i s  
a t  6 V.
p a r a l l e l  by th e  sw itch  which a llo w s  e i t h e r  on ly  to  be used  o r
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and to g e th e r .  The te rm in a l P on th e  f ly in g  le a d  a t ta c h e d  to  i s
used  to  charge  up th e  c a p a c i to r s  to  12 V o r  6 V by to u c h in g  A o r  B,
Hie sw itch  i s  a  no rm ally  open push sw itch  which d is c h a rg e s  th e  
c a p a c i to r s  th rough  th e  lamp L which i s  r a te d  a t  6 V and 6 W.
In  u s e , e i t h e r  th e  s in g le  c a p a c i to r  G  ^i s  charged  to  12 V o r  th e  two
c a p a c i to r s  CL^ + G  ^ a r e  charged  to  6 V. T nis has  th e  e f f e c t  o f  g iv in g  
th e  same charge a t  two d i f f e r e n t  v o lta g e s  f o r  i n v e s t ig a t io n .
The d em o n stra tio n  i s  g iven  in  two s ta g e s .  With c lo se d
th e  c a p a c i to r s  a re  charged  to  6 V. Our "coulom b” h a s  th e re f o r e  been 
g iv en  6 jo u le s  o f  energy . With th e  c a p a c i to r s  d isc o n n e c te d  from th e  
b a t t e r y  th e y  a r e  d isc h a rg e d  th ro u g h  th e  lamp by c lo s in g  th e  sw itch  S^ , 
The lamp i s  observed  to  g iv e  o u t a  f l a s h  o f  l i g h t .  The experim en t i s  
r e p e a te d  s e v e ra l  tim es to  show t h a t  th e  f l a s h  has th e  same b r ig h tn e s s  
and d u ra t io n  each tim e .
With open, c a p a c i to r  G  ^i s  th e n  charged  to  12 V. Our
"coulom b” h as  now b en g iven  12 jo u le s  o f  en erg y . Oice a g a in ,  w ith  th e
c a p a c i to r  d isc o n n e c te d  from th e  b a t t e r y  i t  i s  d isc h a rg e d  th rough  th e  
lam p. On t h i s  o ccasio n  a b r ig h t e r  f l a s h  o f l i g h t  i s  observed  b u t o f  
s h o r te r  d u r a t io n .  The "coulom b” h a s  d e l iv e r e d  more energy  to  th e  lamp 
b u t  h as  p assed  th rough  i t  more q u ic k ly .  This, experim en t i s  th e n  
re p e a te d  to  show th e  n a tu re  o f  th e  f l a s h  u n d er th e s e  c o n d i t io n s  rem ains 
c o n s ta n t .
T h is  d em o n stra tio n  h as  been w e ll re c e iv e d  by p o s t  sch o o l 
s tu d e n ts  a s  p a r t  o f  a  concep t c o u rs e . I t  shows e f f e c t iv e l y  how an  
e l e c t r i c a l  so u rce  g iv e s  o u t energy  to  a  consum er. I t  shows th e  e f f e c t  
o f  th e  same charge  b e in g  g iven  d i f f e r e n t  am ounts o f  energy  and i t  shows 
how th e  r a t e  a t  which th e  charge  moves i . e .  th e  c u r r e n t  depends on th e  
v o l t a g e •
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(b )  A g r a v i t a t i o n a l  ana logue  f o r  v o l ta g e .
J e f f r e y  (1979) ( 7  ) d e s c r ib e s  a  m echan ical ana logue  which can be used  
to  i l l u s t r a t e  a  number o f  e f f e c t s  observed  w ith  e l e c t r i c i t y  and in  
p a r t i c u l a r  p ro v id es , an e f f e c t iv e  g r a v i t a t i o n a l  ana logue  f o r  v o l ta g e .
Hie d e s c r ip t io n  which fo llo w s  i s  p a rap h rased  from t h i s  a r t i c l e .
Ihe  a p p a ra tu s  c o n s i s t s  o f  an a r r a y  o f p o ly s ty re n e  sp h e re s  mounted on th e  
ends o f  sm a ll expendab le s p r in g s  which a re  in  tu r n  mounted on a  board  
a t  th e  p o s i t io n s  shown in  f ig u re  3 , 6 • The p o ly s ty re n e  s p h e r e s 'r e p r e s e n t  
th e  atoms in  a  co n d u c to r and a  la r g e  b a l l  b e a r in g  i s  used  to  r e p r e s e n t  
an  e le c t r o n  o r  charged  p a r t i c l e ,  depend ing  on th e  s ta g e  th e  p u p i l s  
have re a c h e d .
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F ig . 6
A p o s s ib le  approach  to  th e  co n cep t o f  v o lta g e  i s  to  p la c e  
a  le n g th  o f  nichrom e w ire  a lo n g s id e  th e  board  and co n n ec t i t  t o  a  
power p ack . When th e  power pack i s  sw itch ed  on th e  w ire  w i l l  become h o t .  
We may th e n  ask  how m ight th e  h o t  w ire  be s im u la te d  by u s in g  th e  model? 
By r e f e r r i n g  back  to  th e  s e c t io n s  on th e  p a r t i c u l a t e  n a tu re  o f  m a tte r  
and how we make h e a t  flow* p u p i ls  sho u ld  be a b le  to  s t a t e  t h a t  th e  
p o ly s ty re n e  sp h e re s  sho u ld  be v ib r a t in g .  T his can e a s i l y  be d em o n stra ted  
by sh ak in g  th e  b o a rd .
We may th e n  ask  w h eth er a  charged  p a r t i c l e  ( th e  b a l l  b e a r in g )  can be 
used  to  produce th e  same e f f e c t .
R o ll in g  th e  b a l l  in  a t  one end r e s u l t s  in  a  few sp h e re s  v ib r a t in g  a.nd 
th e  t a l l  q u ic k ly  co n ing  to  r e s t .  H o p efu lly  p u p i l s  w i l l  now su g g e s t 
r a i s i n g  one end o f  th e  b o a rd . I f  t h i s  i s  done, th e  b a l l  w i l l  t r a v e l  
down th e  board in  a  random fa s h io n ,  le a v in g  beh ind  an a r r a y  o f  v ib r a t in g  
s p h e re s .  I f  a d d i t io n a l  b a l l  b e a r in g s  a r e  a llow ed  to  ’ f lo w ' th ro u g h  th e  
'co n d u c to r*  i t  w i l l  re m a in 'h o t* •
The model can be used to  perform  ex p erim en ts  ana lo g o u s to  
th o se  d e s c r ib e d  in  (a )  above. And in  f a c t  th e  m ost e f f e c t iv e  u se  o f  
th e  two d e m o n s tra tio n s  i s  when one com plim ents th e  o th e r .
F or exam ple, when one end o f  th e  b o ard  i s  r a i s e d  by 9 cm 
th e  tim e ta k en  f o r  th e  b a l l  to  re a c h  th e  end o f  th e  board  l i e s  betw een
1 1 .5  and lh -,5  seco n d s . D oubling th e  h e ig h t and hence th e  energy  s u p p lie d
r e s u l t s  in  th e  b a l l  ta k in g  betw een 7 and 8 .5  seconds to  p ass  th rough  
and p roduces a g r e a te r  d is tu rb a n c e .  Tne fo rm er ca se  com pares w ith  ou r 
6 V * coulom b' and th e  l a t t e r  w ith  th e  12 V 'c o u lo m b '.
As we d isc u sse d  in  s e c t io n  3*3 we can r e a d i ly  make
com parisons betw een e l e c t r i c a l  and g r a v i t a t i o n a l  phenomena. H ere we 
have a  c l e a r  example o f  t h i s .
I n  a d d i t io n  to  th e  com parison d e s c r ib e d  above, depending  
on th e  a b i l i t y  o f  th e  p u p i ls  some o r  a l l  o f th e  fo llo w in g  p o in ts  can be 
made*
1 ( a )  The b a l l  w i l l  on ly  t r a v e l  from one end o f  th e  board  to  th e  
o th e r  i f  i t  i s  g iven  p o te n t i a l  en e rg y . T h is  i s  a c h ie v e d  by 
r a i s i n g  one end o f  th e  b o a rd . The p o t e n t i a l  energy  l o s t  by th e  
b a l l  a s  i t  t r a v e l s  a lo n g  i s  co n v e rted  to  k i n e t i c  energy  o f  th e  
p o ly s ty re n e  s p h e re s .
00 Cnarge w i l l  on ly  flow  th ro g h  a  co n d u c to r  i f  a  v o lta g e  e x i s t s  
betw een i t s  en d s . T his v o lta g e  can be s u p p lie d  by a  c e l l  o r  
power p ack . The energy  l o s t  by th e  charged  p a r t i c l e s  p a s s in g  
th ro u g h  th e  nichrom e w ire  a p p e a rs  a s  h e a t  energy .
2 ( a )  I n  o rd e r  to  move a lo n g  th e  board  each b a l l  b e a r in g  i s  g iven  
a  c e r t a in  number o f  jo u le s  o f  p o t e n t i a l  en erg y .
(b )  The power pack m ust p ro v id e  th e  charged  p a r t i c l e s  w ith  a  
c e r t a in  number o f  jo u le s  o f  energy . The number o f  jo u le s  g iven  
to  each coulomb can be used  a s  a m easure o f  th e  v o l ta g e ,  hence 
th e  id e a  o f  v o lta g e  in  te rm s o f  jo u le s /c o u lo m b .
3 (&) As th e  b a l l  b e a r in g  t r a v e l s  a lo n g  th e  board  th e re  i s  a s te a d y
12k
3 ( a )  As th e  b a l l  b e a r in g  t r a v e l s  a lo n g  th e  board  th e re  i s  a
s te a d y  re d u c t io n  in  i t s  p o te n t i a l  energy  which i s  c o v e r te d  in to  
* h e a t '•
(b )  Along a  un ifo rm  co n d u c to r th e r e  i s  a  s te a d y  drop  in  
; V o ltage  ( th e  energy  p o sse sse d  by each coulom b).
^  ( a )  The b a l l  e x p e rie n c e s  d i f f i c u l t y  in  t r a v e l l i n g  a lo n g  th e
board  a s  i t  c o l l id e s  w ith  th e  s p h e re s ,  i . e .  i t s  m otion i s  
r e s i s t e d ,
(b )  Charge f lo w in g  th ro u g h  a  co n d u c to r e x p e r ie n c e s  r e s i s t a n c e  
to  i t s  m o tion .
5 ( a )  A lthough th e  b a l l  moves r e l a t i v e l y  q u ic k ly  betw een c o l l i s i o n s
i t s  av erag e  speed  a lo n g  th e  board  i s  low .
(b} The d r i f t  v e lo c i ty  o f  e le c t r o n s  i s  s m a lle r  th a n  th e  v e lo c i ty  
betw een c o l l i s i o n s .
The ana logue  d e s c r ib e d  has  met w ith  some su c c e ss  when used 
w ith  p u p il s  ra n g in g  from second y e a r  to  fo u r th  y e a r  in  S c o t t is h  s c h o o ls .
( c ) G iving a  " f e e l"  f o r  th e  coulomb, th e  ampere and th e  w a tt .
I t  may ap p ea r s tra n g e  to  p la c e  th e  u n i t s  o f  ch a rg e , c u r r e n t  
and power to g e th e r  in  one s e c t io n ,  b u t th e  same te ch n iq u e  and a p p a ra tu s  
can be used  in  each c a s e .
P ig .3*7
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The c i r c u i t  i s  shown in  f ig u r e  3*7. a n d * a r e  two 6 V 
n i f e  b a t t e r i e s ,  An ammeter i s  p la ced  between them to  m easure th e  
so u rce  c u r r e n t  and th e  v o ltm e te r  V i s  co nnec ted  a s  shown to  m easure 
th e  te rm in a l v o l ta g e ,  n o m in a lly  12 V. The lamp L i s  r a te d  a t  12 V,
2^ W and th e  ammeter A^ i s  p la c e d  to  m easure th e  lo a d  c u r r e n t .
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With th e  sw itch  S open, i t  i s  im p o rta n t to  d em o n stra te  t h a t  
a lth o u g h  th e  te rm in a l v o lta g e  i s  12 V th e re  i s  no c u r r e n t  p a s s in g  th ro u g h  
th e  " b a t te r ie s . With S c lo se d  th e  re a d in g s  on th e  two am m eters i s  th e  
same, i . e .  th e  so u rce  c u r r e n t  i s  eq u a l to  th e  lo a d  c u r r e n t .
The re a d in g  on th e  ammeters i s  2 A. With th e  a id  o f  a  
s to p c lo c k  th e  number o f  coulombs which p a ss  every  second can be c a l le d  
o u t ,  e .g .  2 , k t 6 , 8 , e t c .  T nis g iv e s  th e  p u p i ls  a " f e e l ” f o r  th e  r a t e  
a t  which th e y  p a s s  and th e  t o t a l  number which have p a sse d . Hence we 
embrace th e  am pere w ith in  t h i s  d e m o n s tra tio n .
At th e  same tim e th e  lamp i s  g iv in g  o u t 2k J  ev e ry  second 
and a ^ i in  i t  h e lp s  th e  co n cep t o f  power to  c a l l  o u t th e  number o f  jo u le s  
d i s s ip a t e d  ev e ry  second , e.g* 2k t k 8 f 72, e t c .
T h is  te ch n iq u e  can be compared w ith  m ethods o f  m easuring  
flow  r a t e s  in  l i q u i d s  by c o u n tin g  th e  number o f  b u c k e ts  f i l l e d  in  a  
c e r t a i n  tim e .
( h  In tro d u c in g  R e s i s t a n c e " .
D i f f i c u l t i e s  w ith  th e  co n cep t o f  r e s i s ta n c e  p ro b a b ly  stem 
from  th e  f a c t  t h a t  i t  i s  u s u a l ly  d e f in e d  by th e  r a t i o  V /l i n  an 
ex p erim en t to  r e d is c o v e r  C ha 's  Law. S t r i c t l y  sp eak in g  such a  d e f i n i t i o n  
t e l l s  u s  how to  m easure r e s i s ta n c e  b u t does, n o t n e c e s s a r i ly  g iv e  u s  a  
f e e l  f o r  th e  p ro p e r ty  i t s e l f .  In  a d d i t io n  we ten d  v e ry  q u ic k ly  to  r e f e r  
to  r e s i s t o r s  when i n  f a c t  we shou ld  be ta lk in g  i n i t i a l l y  a b o u t c o n d u c to rs .
I n  te a c h in g  t h i s  p a r t  o f  th e  work we shou ld  th e r e f o r e  s t a r t  
from  th e  s ta n d p o in t  o f th e  p e r f e c t  co n d u c to r and th e n  in v e s t i g a t e  a  s e t  
o f  c o n d u c to rs  a t ta c h e d  to  a c o n s ta n t  v o lta g e  so u rce  to  f in d  which i s  th e  
b e s t  by p la c in g  an  ammeter in  s e r i e s  w ith  each one. The co n d u c to r 
p a s s in g  th e  lo w e s t c u r r e n t  i s  p r e s e n t in g  th e  g r e a t e s t  o p p o s itio n  and 
hence may be s a id  to  have th e  g r e a t e s t  r e s i s ta n c e  . H aving com pleted  
t h i s  sequence we a r e  th e n  read y  to  in v e s t ig a t e  th e  r e l a t io n s h ip  between 
v o lta g e  a c ro s s  a  co n d u c to r and th e  c u r r e n t  th rough  i t .
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One problem o ften  observed by the w r ite r  in  sch o o ls  w ith  
t h is  experim ent i s  th a t r e la t iv e ly  h igh  r e s is ta n c e  va lu es are used and 
th e current i s  th erefo re  measured in  m illiam p eres. I t  would be b e t te r  
i f  r e s is ta n c e  va lu es  o f  a few ohms were used , capable o f  d is s ip a t in g  
se v e r a l w a tts , which would a llow  measurements to  be made in  v o l t s  and 
amperes.
The fo llo w in g  sequence i s  ofi'ered a s  b ein g  an appropriate  
approach to  the u n it  o f  r e s is ta n c e .
1 . I n v e s t ig a te  the r e la t io n s h ip  between current in  a conductor and 
th e  v o lta g e  across i t .
The c ir c u i t  to  be used i s  shown in  f ig u r e  3*8. An ammeter i s  
connected in  s e r ie s  w ith  th e  conductor being  in v e s t ig a te d  and a 
v o ltm eter  connected in  p a r a lle l  w ith  i t  as shown. The v o lta g e  
source S can g iv e  d if f e r e n t  v o lta g e s  a s  required •
A ty p ic a l s e t  o f  r e s u lt s  i s  shown in  ta b le s  3 .2 (a )  and 3 .2 (b ) .  
These were obtained from two d if f e r e n t  conductors.
Table 3 .2 (a )  Conductor ( l )  Table 3 .2 (b )  Conductor (2 )
v o lta g e /V current/A
0 0
2 .5 0 .8
6 .0 2 .0
8 .5 2 .6
1 1 .0 3 .3
vo lta g e /V current/A
0 0
2 .5 0 .2
6 .0 0 .^ 5
8 .5 0 .8
1 1 .5 1 .0
2 . We now graph th ese  r e s u l t s  a s  shown in  f ig u r e  3*9*
v o l ta g e /V
II
10
8
7
S
3
2
O
Graph o f  v o lta g e  v e rsu s  c u r r e n t  f o r  two co n d u c to rs
F ig . 3-9
12 ?
In  th e  experim en t we found t h a t  c o n d u c to r ( l )  p assed  a  
l a r g e r  c u r r e n t  f o r  a  g iven  v o lta g e  th a n  co n d u c to r ( 2 ) .  C onductor ( l )  
p r e s e n ts  l e s s  o p p o s itio n  to  th e  c u r r e n t  th a n  co n d u c to r ( 2 ) .
C onductor ( l )  can be s a id  to  have l e s s  r e s i s ta n c e  th a n  co n d u c to r  ( 2 ) .  
We n o t ic e  t h a t  th e  g r a d ie n t  o f  th e  graph f o r  c o n d u c to r ( l )  is ,  l e s s  
th a n  th e  g r a d ie n t  f o r  co n d u c to r ( 2 ) .  The g r a d ie n t  can be used  to  
g iv e  a  m easure o f  th e  r e s is ta n c e  o f  a  co n d u c to r .
3« We in v e s t ig a t e  th e  im p lic a t io n s  o f th e  r e s u l t s  and fo rm u la te  Chm's 
Law
The g raphs o b ta in e d  a re  s t r a i g h t  l i n e s .  T h is shows t h a t  th e
c u r r e n t  in  th e  co n d u c to rs  v a r ie s  d i r e c t l y  a s  th e  v o lta g e  a c ro s s  them.
Many s im i la r  experim en ts  have been c a r r ie d  o u t w hich a re  b ro u g h t
to g e th e r  i n  th e  s ta te m e n t c a l le d  Chm's Law which s a y s j -
wThe c u r r e n t  in  a  co n d u c to r, h e ld  a t  c o n s ta n t  te m p e ra tu re , v a r ie s  
d i r e c t l y  a s  th e  v o lta g e  between i t s  ends.**
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I f  th e  v o l ta g e  i s  V and th e  c u r r e n t  i s  I ,  we may w r i t e
f  «< I
V =* a  c o n s ta n t  x I
j -  * a  c o n s ta n t  — ------------------ - ( l )
4 .  We now in v e s t ig a t e  how Ohm's Law can g iv e  a  method o f  m easuring  
r e s i s t a n c e .
I n  t r y in g  to  p la c e  a  m easure on th e  r e s i s ta n c e  o f  a  co n d u c to r 
• we t r y  to  f in d  th e  number o f  v o l t s  r e q u ire d  to  cause a  c u r r e n t  o f  
one am pere in  th e  co n d u c to r.
F or co n d u c to r ( l )  3*2 V cause  a  c u r r e n t  o f  1 A. The r e s i s ta n c e  i s  
th e r e f o r e  3*2 V A*^.
We g iv e  t h i s  u n i t  a  s p e c ia l  name, th e  "ohm" (-Q.)* 
i . e .  1 V A ^ = 1 ohm 
The r e s i s ta n c e  o f  t h i s  co n d u c to r i s  th e r e f o r e  3*2 ohm o r  3.2X1.
F o r co n d u c to r (2 )  1 1 .5  V cause a  c u r r e n t  o f  1 A. The r e s i s ta n c e  i s  
th e r e f o r e  1 1 .5  V A**"*" o r  1 1 .5  •
We n o te  t h a t  i n  each ca se  we have m easured th e  g r a d ie n t  o f  th e  g raph
y
and have th e re fo re  m easured j  i n  e q u a tio n  ( l )  above.
T his e q u a tio n  may th e re fo re  be w r i t t e n
5 = R ---------------------------(2)
w here R i s  th e  r e s i s ta n c e  o f  th e  c o n d u c to r .
The u s u a l form o f  t h i s  e q u a tio n  i s
V = H I
where V i s  th e  v o lta g e  a c ro s s  th e  c o n d u c to r i n  v o l t s  ,
I  i s  th e  c u r r e n t  in  th e  co n d u c to r i n  am peres t
and R i s  th e  r e s i s ta n c e  o f  th e  co n d u c to r in  ohms .
The s te p s  o u tl in e d  in  t h i s  s e c t io n  to  s e p a ra te  v o lta g e ,
c u r r e n t  and r e s i s t a n c e ,  r e p re s e n t  no more th a n  th e  minimum which sho u ld
be g iv en  i f  th e  co n cep ts  a r e  to  be u n d e rs to o d , o r  a l t e r n a t i v e l y  could  
be c o n s id e re d  to  be what would be ta k en  a s  good te a c h in g  o f  th e  s u b je c t .
C H A P T E R  F O U R
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4 . REC CMKENDATI ON S__
I n  t h i s  c h a p te r  th e  recom m endations which a r e  o f f e r e d  stem 
from th e  o b s e rv a tio n s  re p o r te d  in  c h a p te r  2 and from th e  p ed a g o g ic a l 
comments made i n  c h a p te r  3» I t  would a p p e a r  to  be re a so n a b le  to  l i s t  
them f o r  th e  tn r e e  main groups o f  p u p i l s  in v e s t ig a t e d ,  f i r s t l y  f o r  
p u p i l s  in  th e  to p  o f  th e  p rim ary  sch o o l aged betw een te n  and tw elv e  
y e a rs  in  c la sse s^  p rim ary  s ix  and seven ; seco n d ly  f o r  p u p i l s  fo llo w in g  
th e  S c o t t is h  I n te g r a te d  Science Course in  th e  f i r s t  two y e a rs  o f  
seco n d ary  sch o o l aged betw een tw elve and fo u r te e n  y e a rs ;  and t h i r d l y  
f o r  p u p i l s  fo llo w in g  th e  S c o tt is h  C e r t i f i c a t e  o f  E d u ca tio n  p h y s ic s  
co u rse  a t  O rd inary  Grade around  fo u r te e n  to  s ix te e n  y e a rs  o ld  i n  th e  
t h i r d  and f o u r th  y e a rs  o f  secondary  s c h o o l, d e a r l y  w hat i s  su g g es ted  
f o r  t h i s  l a s t  group can im pinge on th e  tre a tm e n t g iv en  to  m a te r ia l  f o r  
th e  H ig h er Grade p h y s ic s  co u rse  in  f i f t h  and s ix th  y e a r .
A p o s s ib le  co u rse  f o r  S c o t t is h  P rim ary  S ix o r  Seven.
We have to  re c o g n ise  h e re  t h a t  th e  s c ie n c e  c o n te n t  o f  th e  
P rim ary  School c u rric u lu m  v a r ie s  a  g r e a t  d e a l  and depends to  a  g r e a t  
e x te n t  on th e  i n t e r e s t  and knowledge o f  th e  te a c h e r .  In  many sc h o o ls  
v e ry  l i t t l e  i s  ta u g h t a t  a l l .  S e v e ra l p rim ary  sch o o l te a c h e r s  rem arked 
t h a t  th e y  would f in d  d i f f i c u l t y  in  an sw erin g  th e  q u e s t io n s  p re s e n te d  to  
th e  p u p i l s  i n  p rim ary  sev en . In  a d d i t io n ,  s in c e  we can n o t assume a  
u n ife rm  exposure  to  s c ie n c e  i n  P rim ary  School we have  to  en su re  t h a t  
w hat may be a tte m p te d  does n o t in c re a s e  th e  p roblem s o f  te a c h e r s  in  
secondary  sch o o l when th e y  in tro d u c e  e l e c t r i c i t y  to  th e  whole in ta k e  
from  t h e i r  f e e d e r  p rim ary  sc h o o ls  by h a v in g  some p u p i l s  who c o n s id e r  th e y  
have "done i t  a l l "  and o th e rs  to  whom th e  m a te r ia l  i s  co m p le te ly  new.
The approach su g g es ted  fo c u se s  on d o m estic  e l e c t r i c a l  
a p p l ia n c e s  o f  which i t  i s  hoped th e  te a c h e r  h as  some knowledge and o f  
which th e  p u i l s  shou ld  have some know ledge.
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The em phasis i s  p laced  on th e  im portance o f  m atch ing  th e  
v o lta g e  o f  th e  so u rce  to  th e  w ork ing  v o lta g e  o f  th e  a p p l ia n c e  a s  a 
consum er. No r e a l  a t te m p t i s  made to  d e f in e  v o l ta g e ,  b u t pow er, c u r r e n t  
and freq u en cy  can be g iv en  sim p le  w orking d e s c r ip t io n s .  The main 
o b je c t iv e  h e re  i s  to  show t h a t  th e re  i s  a  d i s t i n c t i o n  betw een v o l ta g e ,  
c u r re n t  and pow er.
d e a r l y  th e  so u rc e  i s  i d e n t i f i e d  a s  a  so u rce  o f  energy  to  
be consumed o r  c o n v e rted  by th e  consum er.
Tnerae -  M atching E l e c t r i c a l  S ources and Consumers (U se rs )
1 In tro d u c e  id e a  o f  com plete  c i r c u i t .
2 I d e n t i f y  c i r c u i t s  i n  to r c h e s ,  m odels, e t c .
3 . In tro d u c e  sw itch  a s  method o f  p la c in g  gap in  th e  c i r c u i t .
^ I d e n t i f y  co n d u c to rs  and i n s u l a t o r s .
5 In tro d u c e  c e l l  o r  b a t t e r y  a s  energy  so u rc e .
6 In tro d u c e  lam p, e l e c t r i c  m o to r, b e l l ,  e t c . ,  a s  energy  consum ers ( u s e r s ) .
7 I d e n t i f y  v o lta g e  o f  common b a t t e r i e s  from  l a b e l .
8 In tro d u c e  th e  v o l t  a s  th e  u n i t  o f  v o l ta g e .
9 I d e n t i f y  th e  w orking v o lta g e  o f  lam ps which cou ld  be used  i n  a  
to r c h ,  c y c le  lam p, hand lam p, e t c .
10 I d e n t i f y  th e  w orking v o lta g e  o f  m in ia tu re  e l e c t r i c  m o to rs, b u z z e rs , 
b e l l s ,  e t c . ,  and choose a p p ro p r ia te  e l e c t r i c a l  so u rce  .
11 I d e n t i f y  th e  w orking v o lta g e  o f  a  c y c le  dynamo and s e l e c t  a p p ro p r ia te  
lam ps to  u se  w ith  i t .
12 I d e n t i f y  th e  w orking v o lta g e  o f  m otor c a r  com ponents such  a s  lam ps,
m o to rs , r a d io ,  e t c . ,  by in s p e c t in g  c a r  o r  c a r  handbook.
13 I d e n t i f y  th e  e l e c t r i c  m ains v o l ta g e .
14- I d e n t i f y  th e  w orking v o lta g e  o f  a p p lia n c e s  such a s  e l e c t r i c  lam ps,
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i r o n s ,  t o a s t e r s ,  w ashing m achines, power d r i l l s ,  overhead p r o je c to r s ,  
e t c .
15 R ecognise th e  im portance  o f  m atch ing  th e  v o lta g e  o f  th e  so u rc e  to  
th e  w orking v o l ta g e  o f  th e  a p p l ia n c e .
16 I d e n t i f y  th e  o th e r  in fo rm a tio n  g iv '-n  on a p p l ia n c e s  such a s  power 
r a t i n g ,  c u r r e n t  r a t i n g  and fre q u e n c y .
17 E x p la in  power r a t i n g  a s  th e  r a t e  a t  which energy  i s  ta k e n  from  an 
e l e c t r i c a l  so u rc e .
18 In tro d u c e  th e  w a tt  a s  th e  u n i t  o f  pow er.
S ta te  t h a t  1 k i lo w a t t  = 1000 w a t ts .
19 I d e n t i f y  a p p l ia n c e s  w ith  a  lew power r a t i n g  and th o s e  w ith  a  h ig h  
power r a t i n g .
20 R ecognise t h a t  h ig h e s t  power i s  used  f o r  h e a t in g  and cook ing ; 
lo w e s t pow er i s  used  f o r  l i g h t i n g  and e le c t r o n i c  equipm ent such a s  
t e l e v i s i o n .
21 E x p la in  e l e c t r i c  c u r r e n t  a s  flow  o f  e l e c t r i c i t y  th r o u ^ i  a p p l ia n c e .
22 E x p la in  c u r r e n t  r a t i n g  a s  th e  s iz e  o f  t h i s  f lo w .
23 In tro d u c e  th e  ampere a s  th e  u n i t  o f  c u r r e n t .
Zk In tro d u c e  th e  e q u a tio n
w a tts  = v o l t s  x am peres
25 Assume th e  e l e c t r i c  m ains v o lta g e  = 250 v o l t s .
C a lc u la te  c u r r e n t  in  a p p lia n c e  from
v o l t s  250 v o l t s
“ Peres = wffi- = -p—w'atti
26 In tro d u c e  fu s e  a s  s a f e ty  d ev ice  which m e lts  i f  c u r r e n t  in  a p p lia n c e  
i s  to o  la r g e  b ecau se  o f  a  f a u l t  and hence d isco n n ec ts : i t  from  th e  
s o u rc e •
27 I d e n t i f y  a p p l ia n c e s  r e q u ir in g  a  3 ampere fu s e  and th o se  r e q u i r in g  a  
a  13 ampere fu s e  u s in g  th e  e q u a tio n  in  ( 2 5 ) .
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28 I n s p e c t  a  13 A p lu g . I d e n t i f y  th e  c o r r e c t  w ir in g  code and good 
w ir in g  te c h n iq u e .
29 I d e n t i f y  th e  fu n c tio n  o f  a  tr a n s fo rm e r  to  p ro v id e  a  low v o lta g e  
su p p ly  f o r  model ra i lw a y s ,  T .V . gaipes, c a l c u l a t o r s , e t c .
30 Em phasise th e  d an g er o f c o n n e c tin g  a p p lia n c e s  w ith  low w orking  
v o lta g e  d i r e c t l y  to  e l e c t r i c  m ains su p p ly .
31 In tro d u c e  th e  k i lo w a tt-h o u r  a s  th e  u n i t  to  m easure e l e c t r i c a l  
energy  consumed by h o u seh o ld .
32 C a lc u la te  th e  energy used  by some a p p l ia n c e s .
33 I d e n t i f y  freq u en cy  a s  th e  number o f  tim es  a l t e r n a t i n g  c u r r e n t  
changes d i r e c t io n  i n  1 second .
Compare d i r e c t  c u r r e n t  from b a t t e r y  w ith  a l t e r n a t i n g  c u r r e n t  
o b ta in e d  from m ains o r  a c y c le  dynamo.
C le a r ly  such a  co u rse  would g iv e  r i s e  to  a  need f o r  I n s e rv ic e
T ra in in g  o f  th e  te a c h e rs  in v o lv ed  a s  many a t  p r e s e n t  do n o t have s u f f i c i e n t
background know ledge. I t  would be i n t e r e s t i n g  to  compare th e  perform ance 
o f  p u p i l s  le a v in g  P rim ary  sch o o l who had fo llo w ed  such a  co u rse  w ith  th e  
o r ig in a l  sam ple d e sc r ib e d  in  s e c t io n  2 .1 0 .
4 .2  Suggested  Amendments to  th e  S c o t t is h  I n te g r a te d  S cience  Course -  
S e c tio n  7 -  E l e c t r i c i t y  .
The s y lla b u s  fo llo w ed  by many sch o o ls  to  in tro d u c e  e l e c t r i c i t y
in  th e  f i r s t  y e a r  i s  l a i d  o u t in  th e  T e a c h e r 's  Guide to  th e  S c o t t is h
I n te g r a te d  S cience Course (3  ) s e c t io n  7« In  t h i s  th e  fo llo w in g  
te a c h in g  o rd e r  i s  sugges+ed; -
7 .1  E l e c t r i c i t y  a t  r e s t  -  an in t r o d u c t io n  o f  s t a t i c  e l e c t r i c i t y  which 
le a d s  by o b se rv a tio n  o f  f o r c e s  betw een ch arged  ro d s  to  th e  id e a  
t h a t  on ly  two k in d s  o f  charge e x is x .
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7*2 E l e c t r i c i t y  on th e  move -  a  d em o n stra tio n  t h a t  e l e c t r o s t a t i c  charge 
i s  r e l a t e d  to  e l e c t r i c  c u r r e n t .  In  t h i s  s e c t io n  th e  heed f o r  a  
com plete  c i r c u i t  f o r  c u r r e n t  to  flow  i s  in tro d u c e d .
7*3 C onductors and in s u la to r s  -  an i d e n t i f i c a t i o n  o f  m a te r ia ls  which 
p a ss  and do n o t pass  e l e c t r i c i t y .
7 .^  A ll in  a  row — an in v e s t ig a t io n  o f  th e  c h a r a c t e r i s t i c s  o f  s e r i e s  
c i r c u i t s .
E x tension  m a te r ia l  f o r  th e  l e a s t  a b le  shows th a t  b a t t e r i e s  may be 
connec ted  in  s e r i e s .
E x ten s io n  m a te r ia l  f o r  th e  av erag e  and m ost a b le  in v e s t ig a t e s  th e  
u se  o f  s w itc h e s , w ith  f u r th e r  e x e rc is e s  on s w itc h in g  f o r  th e  m ost 
a b le .
7*5 One above th e  o th e r  — an in v e s t ig a t io n  o f  p a r a l l e l  c i r c u i t s .
E x te n s io n  m a te r ia l  f o r  th e  l e a s t  a b le  p ro v id e s  f u r t h e r  e x p e rien ce  
o f  p a r a l l e l  c i r c u i t s .
E x ten sio n  m a te r ia l  f o r  th e  av e ra g e  and more a b le  p u p i l s  a llo w s  them 
to  in v e s t ig a t e  th e  d i s t r i b u t i o n  o f  c u r r e n ts  i n  p a r a l l e l  c i r c u i t s .
7 .6  Opposing th e  c u r r e n t  -  an in t ro d u c t io n  to  r e s i s t a n c e  and r e s i s t o r s .
7 .7  S a fe ty  f i r s t  -  an in t r o d u c t io n  to  th e  p r in c ip le  and fu n c t io n  o f  a  
f u s e .
7 .8  P u sh in g  th e  c u r r e n t  -  an in t ro d u c t io n  to  v o lta g e  a s  'e l e c t r i c a l  
push* ( s p e c i f ie d  e lsw here  a s  'e l e c t r i c a l  p r e s s u r e ' )
7 .9  At home w ith  e l e c t r i c i t y  -  an in t ro d u c t io n  to  d o m estic  e l e c t r i c  
c i r c u i t s .
7 .1 0  P lu g g in g  i n  an in t ro d u c t io n  to  good e l e c t r i c a l  p r a c t i c e  when 
w ir in g  a  13 A p lu g .
A number o f  d i f f i c u l t i e s  have been found w ith  t h i s  te a c h in g  
seq u en ce . In  7 .1  many p u p i l s  have been observed  to  have d i f f i c u l t y  in
d ed u c in g  th a t  th e re  a r e  on ly  two k in d s  o f  c h a rg e . In  a d d i t io n  th e  
re le v a n c e  o f  t h i s  a t  t h i s  s ta g e  i s  d e b a ta b le .  In  7 .2  th e  l i n k  between 
e l e c t r o s t a t i c  charge  and c u r r e n t  e l e c t r i c i t y  i s  r a th e r  fo rc e d  and a g a in  
i t s  re le v a n c e  is :  d e b a ta b le .
Most p u p ils  re c o g n ise  a b a t te r y  a s  a so u rce  o f  e l e c t r i c i t y  
and cou ld  p ro b ab ly  more h a p p ily  beg in  t h e i r  s tu d y  from t h i s  s ta n d p o in t  
by in t ro d u c in g  th e  need f o r  a com plete c i r c u i t  i f ,  f o r  exam ple, a  lamp 
i s  to  be l i t .  Im m ediately  a f t e r  t h i s ,  cou ld  fo llo w  th e  in t r o d u c t io n  o f  
th e  sw itch  to  p ro v id e  an easy method o f  c o n t r o l .
I n  7 A ,  we a r e  i n v e s t ig a t in g  som eth ing  which i s  n o t common 
p r a c t i c e  e x c e p t in  C hristm as t r e e  l i g h t s .  In  a d d i t io n  we a r e  p u t t in g  
i n  an  awkward m ix tu re  o f  v o lta g e  c u r r e n t  and r e s i s t a n c e  b e fo re  th e s e  
id e a s  have been p ro p e r ly  d is c u s s e d . Comparing th e  outcom es o f  7 A  and
7 ,5  we f in d  because s im i la r  lam ps a re  used  i n  b o th  c a se s  a p p a re n tly  th e  
same r e s u l t s  coming from two d i f f e r e n t  c i r c u i t s  e .g .  th e  c u r r e n t  in  
a  s e r i e s  c i r c u i t  i s  th e  same a t  a l l  p o in ts  and th e  c u r r e n t  in  th e  
b ra n d ie s  o f  a  p a r a l l e l  c i r c u i t  i s  th e  same. In  th e  l a t t e r  ca se  i t  
would be b e t t e r  to  use d i s s im i l a r  lam ps t u t  show t h a t  th e y  work to  
t h e i r  n a tu r a l  b r ig h tn e s s  w hether o th e r  lam ps a r e  co n n ec ted  o r  n o t .  In  
7*5 i t  shou ld  be em phasised t n a t  th e  v o lta g e  i s  th e  same.
I n  7*8 th e  b a t te r y  shou ld  be in tro d u c e d  a s  an energy  so u rce  
and th e  v o lta g e  in tro d u c e d  a s  a  m easure o f  th e  energy  which can be 
su p p lie d  to  th e  c i r c u i t  to g e th e r  w ith  th e  id e a  o f  'e l e c t r i c a l  p re s s u re  *• 
I n  many ways th e  id e a s  o f  7*9 come to o  l a t e .  Most o f  th e  
a p p l ic a t io n s  which p u p i ls  w i l l  m eet in  m ito r  c a r s  and in  th e  home w i l l  
be a s  p a r a l l e l  c i r c u i t s .  This i s  th e  b a s is  on which th e  to p i c  shou ld  
be in t ro d u c e d .  For many o f  th e  l e a s t  a b le  p u p i l s  work w hich gave more 
e x p e rie n c e  o f  th e  com plete  c i r c u i t  .and p o s s ib le  ways o f  a c h ie v in g  t h i s  
by d i f f e r e n t  a p p l ic a t io n s  o f  sw itc h e s  would be more u s e f u l  th a n  t r y i n g  
to  m a s te r  th e  co n cep ts  o f  v o lta g e  and c u rre n t*
We have a  f u r t h e r  p o s s ib le  so u rce  o f  co n fu s io n  when we
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in tro d u c e  bo th  th e  v o ltm e te r  and th e  ammeter in  t h i s  s e c t io n .  S in ce  
bo th  in s tru m e n ts  a r e  o f te n  very  s im i la r ,  i f  n o t a p p a re n tly  i d e n t i c a l ,  
p u p i ls  more o f te n  th a n  n o t f a i l  to  d i f f e r e n t i a t e  betw een th e  two 
in s tru m e n ts .
Ch th e  b a s is  o f  th e  p re c e e d in g  com m ents,the fo llo w in g  
a l t e r n a t i v e  sequence i s  su g g es ted  f -
1 The b a t te r y  — an energy  s o u rc e
The v o lta g e  o f  th e  b a t t e r y  i s  n o te d  and a  v o l tm e te r  co n n ec ted
a c ro s s  i t .  The s ta t e d  v o lta g e  shou ld  be th e  same a s  th e  v o l tm e te r
re a d in g .
2 Consumers
Lamps and e l e c t r i c  m otors a r e  in tro d u c e d  a s  e l e c t r i c a l  energy  
consum ers i f  connec ted  to  th e  "b a tte ry . Energy co n v e rs io n  i s  m en tio n ed .
3 The com plete  c i r c u i t
An in t r o d u c t io n  to  th e  sim ple  c i r c u i t  u s in g  a  b a t t e r y  and
lamp to  show th e  e f f e c t  o f  c o n n e c tin g  so u rc e s  and consum ers.
k  The sw itch
An in t r o d u c t io n  to  a  s im ple  method o f b re a k in g  th e  c i r c u i t  
and p ro v id in g  c o n t ro l .
5  C onductors and in s u la to r s
An in t ro d u c t io n  to  m a te r ia ls  which a llo w  th e  c i r c u i t  to  be 
com plete  and th o se  which do n o t .  I d e n t i f i e s  m a te r ia ls  which p ass  
e l e c t r i c i t y  and th o se  which do n o t .
6 Tne e l e c t r i c  c u r r e n t
An in t ro d u c t io n  to  th e  ammeter a s  a  d e t e c to r  t h a t  e l e c t r i c i t y  
i s  f lo w in g  round th e  c i r c u i t .  The o r ig in a l  lamp can be rep la c e d  by 
o th e rs  o f  d i f f e r e n t  r a t i n g  to  show t h a t  th e  c u r re n t  i s  d i f f e r e n t .
A sm all e l e c t r ic  motor should a ls o  be in c lu d ed .
7 P a r a l l e l  c i r c u i t s
The components used  in  ( 6 ) a re  connec ted  to  th e  b a t te r y  
s im u lta n e o u s ly . Ehch i s  observed  to  perform  a s  though i t  a lo n e  were 
p r e s e n t .  The v o ltm e te r  can be used  to  show t h a t  each h as  th e  same 
v o lta g e  on i t .
Each c i r c u i t  can be sw itched in d iv id u a l ly  w ith o u t a f f e c t i n g  th e  
o th e r s .  T his c i r c u i t  can be compared w ith  th o se  found a t  home.
More a b le  p u p i l s  can in v e s t ig a te  th e  l i n k  betw een th e  c u r r e n t  
s u p p lie d  by th e  b a t te r y  and th e  c u r r e n ts  in  th e  in d iv id u a l  c i r c u i t s .  
A l te rn a t iv e  ways o f  form ing p a r a l l e l  c i r c u i t s  can a l s o  be in v e s t ig a t e d .
8 _Qpposing th e  c u r r e n t
The e f f e c t  o f  add ing  w ire  in  s e r i e s  w ith  a  lamp on th e  
c u r r e n t  th rough  i t  can be in v e s t ig a te d .  D if f e r e n t  c i r c u i t s ,  can be 
t e s t e d  to  f in d  th e  one p re s e n t in g  most d i f f i c u l t y  -  hence h av in g  
th e  h ig h e s t  r e s i s t a n c e .
9 S e r ie s  c i r c u i t s
The e f f e c t  o f  c o n n ec tin g  id e n t i c a l  lam ps i n  s e r i e s  i s  
in v e s t ig a t e d .  The c u r re n t  can be m easured a t  p o in t s  round th e  
c i r c u i t  and i s  found to  be th e  same a t  a l l  p o in t s .  The s e r i e s  
c i r c u i t  can be compared w ith  t h a t  f o r  C hristm as t r e e  l i g h t s .
10 E l e c t r i c a l  s a f e ty  a t  home
The p r in c ip le  and fu n c tio n  o f  th e  fu s e  i s  in tro d u c e d .
The c o r r e c t  w ir in g  code f o r  a  th r e e  p in  p lu g  i s  d em o n stra ted  and 
p r a c t i c e  g iven  in  w ir in g  a  13 A p lu g .
11 O p tio n a l m a te r ia l
Recommendations (29 ) have been made on a d d i t io n a l  m a te r ia l  
which m igh t be in c o rp o ra te d  in to  t h i s  s e c t io n  to  in v e s t ig a t e  th e  u se s  
o f  sw itc h e s  in  bo th  sim ple a p p l ic a t io n s  and more s o p h is t ic a te d  o nes.
I t  i s  a n t ic ip a te d  th a t  m a te r ia l  could  be s e le c te d  a p p ro p r ia te  to  l e s s  
a b le  p u p i l s  to  c o n s o lid a te  th e  concep t o f  th e  com plete c i r c u i t .  Oi th e  
o th e r  hand th e re  a re  a p p l ic a t io n s  which should  p ro v id e  s u f f i c i e n t
c h a lle n g e  to  th e  m ost a b le  p u p i l s .
The d is c u s s io n  p ap e r s e t t i n g  o u t th e  recom m endations i s  
shown in  Appendix B.
12 L ea rn in g  e x p e rie n c e s
I t  i s  u n f o r tu n a te th a t  p e rh ap s  due to  a  la c k  o f  e x p e r t is e  in  
t h i s  a r e a  many te a c h e r s  o n ly  in tro d u c e  th e  experim en ts  which a re  
g iv en  on th e  w ork sh ee ts  com piled by a w orking p a r ty  s e t  up up by 
th e  S c o t t is h  C e n tra l Committee on S c ie n ce . While th e s e  ex p erim en ts  
in t ro d u c e  th e  to p i c ,  th e y  do n o t p ro v id e  s u f f i c i e n t  le a r n in g  
e x p e rie n c e s  to  c o n s o l id a te  th e  c o n c e p ts  in tro d u c e d  i n  t h i s  s e c t io n .
I t  is :  th e re fo re  im p o rta n t t h a t  te a c h e r s  shou ld  p ro v id e  more le a r n in g  
e x p e rie n c e s  th an  a re  in c o rp o ra te d  in  t h i s  s e c t io n  i n  th e  p u b lish e d  
m a te r ia l s .
4*3 Sug g es ted  d e f in i t i o n s  and pedagogy f o r  te a c h in g  e l e c t r i c i t y  in  th e  
O rd inary  Grade and H igher Grade p h y s ic s  c o u rs e .
I n  g e n e ra l i t  i s  recommended t h a t  th e  te rm s e le c tro m o tiv e  
fo rc e  ( e .m . f . )  and p o te n t i a l  d i f f e r e n c e  ( p .d . )  be abandoned in  fa v o u r  
o f  th e  term  v o lta g e  used w ith  s u i t a b le  a d j e c t iv e s .
On t h i s  b a s is  th e  fo llo w in g  d e f in i t i o n s  a r e  su g g es ted  w ith
th e  term  re p la c e d  shown in  b ra c k e ts
1 Source v o lta g e  ( e le c tro m o tiv e  fo rc e  -  e .m . f . )
The so u rce  v o lta g e  o f  a  c e l l  o r  o th e r  power su p p ly  i s  th e  
maximum p o te n t i a l  energy  p e r  u n i t  charge which i t  can g iv e .
T his i s  m easured when th e  c e l l  o r  power su p p ly  i s  n o t
connec ted  to  an e x te rn a l  c i r c u i t .
”A s o u rc e  v o l t a g e  o f  1 v o l t  i s  a b l e  t o  g iv e  1 coulomb o f  c h a rg e  
1 j o u l e  o f  e n e r g y . ”
Term inal v o lta g e  ( p o te n t ia l  d i f :  erence  -  p . d . )
The te rm in a l  v o lta g e  o f  a c e l l  o r  power su p p ly  i s  th e  
e l e c t r i c a l  energy  which i t  g iv e s  to  u n i t  ch arg e  when i t  i s  connec ted  
to  an e x te r n a l  c i r c u i t  and th e re  i s  a flow  o f  c h a rg e .
The te rm in a l v o lta g e  i s  th e  v o lta g e  measured betw een th e  
te rm in a ls  o f  a  c e l l  o r power sup p ly  when i t  i s  co n n ec ted  to  an 
e x te rn a l  c i r c u i t .
"A te rm in a l v o lta g e  o f  1 v o l t  w i l l  g iv e  to  1 coulomb o f  ch a rg e  
1 jo u le  o f  energy  to  be co n v erted  in  th e  e x te rn a l  c i r c u i t ” .
I n te r n a l  v o lta g e
The i n t e r n a l  v o lta g e  o f  a  c e l l  o r  power su p p ly  i s  th e  
e l e c t r i c a l  energy  p e r  u n i t  charge used  in  p a s s in g  th e  ch arg e  th ro u g h  
th e  c e l l  o r  power su p p ly .
The te rm in a l v o lta g e  and in t e r n a l  v o lta g e  depend on th e  r a t e  
o f  flow  o f  charge in  th e  c i r c u i t ,  i . e .  th e  s iz e  o f  th e  c u r r e n t .
so u rce  v o lta g e  = te rm in a l v o lta g e  + i n t e r n a l  v o lta g e
Induced  v o lta g e
An induced  v o l ta g e  i s  th e  v o lta g e  c re a te d  in  a  co n d u c to r 
w hich moves in  a  m agnetic  f i e l d  o r  i s  p la c e d  in  a  ch an g in g  m agnetic  
f i e l d .
R e s is ta n c e
The r e s i s t a n c e  o f  a  co n d u c to r i s  th e  o p p o s itio n  i t  g iv e s  to  
an  e l e c t r i c  c u r r e n t  p a s s in g  th rough  i t .
The r e s i s t a n c e  o f  a  co n d u c to r i s  m easured from  th e  v o lta g e  
re q u ire d  to  cause  a  u n i t  c u r r e n t  to  p ass  th ro u g h  i t .
A co n d u c to r h as  a  r e s i s ta n c e  o f 1 ohm when a  v o l ta g e  o f  
1. v o l t  cau ses  a  c u r r e n t  o f  1 ampere to  p ass  th rough  i t .
I v
The f i r s t  th r e e  d e f in i t i o n s  tak en  to g e th e r  a re  re q u ire d  f o r  
th e  H ig h er Grade p h y s ic s  cou rse  in  which th e  i n t e r n a l  r e s i s ta n c e  o f  a 
v o lta g e  so u rce  m ust be tak en  in to  a c c o u n t. In  th e  O rd inary  Grade co u rse  
we cou ld  s im p ly  m odify th e  second d e f in i t i o n  f o r  te rm in a l v o lta g e  to  
t h a t  o f  v o lta g e  w ith o u t lo s s  o f  acc u racy  o f  t r e a tm e n t.
A sso c ia ted  w ith  th e  problem s' o f  b u i ld in g  a p p ro p r ia te  d e f i n i t ­
io n s  o f  c o n ce p ts  we f in d  d i f f i c u l t i e s  in  a n a ly s i s  o f c i r c u i t s  g iven  in  
d iagram  form . Based on th e  ex p e rien ce  o f  p u p ils*  i n t e r p r e t a t i o n  o f th e  
d iag ram s in  item s  14 and 15 o f th e  q u e s t io n n a ire  g iven  to  p u p i ls  in  
y e a rs  f o u r  and f iv e  th e  fo llo w in g  ty p e  o f  d iagram  i s  recommended f o r  
p a r a l l e l  c i r c u i t s  and shou ld  be used  in  y e a rs  one and two when a p p ro p r ia te  
a l s o .
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T his ty p e  o f  diagram  ( f i g  ^ f . l )  h a s  th e  b e n e f i t  o f  showing 
t h a t  each co n d u c to r i s  connected  to  th e  v o lta g e  so u rce  and th e re fo re  
th e y  have th e  same v o lta g e  a c ro s s  thorn. D iscussions- o f  how th e  so u rce  
c u r r e n t  i s  sh a re d  between th e  co n d u c to rs  i s  f a c i l i t a t e d  by th e  f a c t  t h a t  
th e  in d iv id u a l  c u r r e n ts  come from a  common p o in t .
The “la d d e r ” ty p e  o f  d iagram  does n o t n e c e s s a r i ly  make i t  
c l e a r  t h a t  th e  v o l ta g e  i s  th e  same f o r  a l l  co n d u c to rs  and makes i t  v e ry  
d i f f i c u l t  to  d e s c r ib e  th e  d i s t r i b u t io n  o f  c u r r e n ts  in  th e  c i r c u i t .
We have found in  t h i s  in v e s t ig a t io n  t h a t  m ost p u p i l s  a r e  
u n ab le  to  e x p la in  e a s i l y  th e  co n cep ts  o f  v o lta g e  and r e s i s t a n c e .  There 
i s  a  co n tin u o u s  tendency  to  l i n k  v o lta g e ,  c u r r e n t  and r e s i s t a n c e  v ia
Chm*s Law and g r e a t  d i f f i c u l t y  i s  found when a tte m p tin g  to  lo o k  a t  each 
one s e p a r a te ly
As an a id  to  a c h ie v in g  such a  s e p a ra t io n ,  i t  i s  recommended 
t h a t  th e  te a c h in g  s t r a t e g i e s  o u t l in e d  in  c h a p te r  J .7  s h o u li  be employed 
by te a c h e r s  in  t h e i r  p r e s e n ta t io n  o f  t h i s  t o p i c .  W hile d e t a i l e d  t e s t s  
have n o t a t  t h i s  s ta g e  been c a r r i e d  o u t by th e  w r i te r ,  te a c h e r s  who 
have used  some o r  a l l  o f  th e  te c h n iq u e s  have re p o r te d  an im provem ent in  
p u p i l s '  g ra sp  o f  th e  co ncep ts  o f  v o l ta g e  and r e s i s t a n c e .
I t  w i l l  be n o ted  t h a t  th e  most d e t a i le d  recom m endations are- 
o f fe re d  in  th e  e a r l i e s t  p a r t s  o f  th e  c u rr ic u lu m . However I  f e e l  t h a t  i f  
th e s e  s ta g e s  a r e  w e ll ta u g h t and p ro p e r ly  unders to o d  th e n  th e  l a t e r  s ta g e s  
m ust im prove.
The recom m endations o f  t h i s  c h a p te r  a r e  a t  p r e s e n t  u n te s te d  
in  any fo rm al way. There i s  a  need f o r  a co u rse  such a s  t h a t  s u g ;e s te d  
f o r  P rim ary  School to  make a  s t a r t  in  p re p a r in g  th e  ed u ca ted  layman to  
cope s a f e ly  w ith  e l e c t r i c i t y  in  th e  home. I t  may be t h a t  such  a  c o u rse  
sh o u ld  n o t be r e s t r i c t e d  to  th e  P rim ary  S chool. However, i f  a  c o u rse  
l i k e  t h i s  i s  to  be in tro d u c e d , th e  m a te r ia ls  f o r  te a c h e r s  and p u p i ls  
w i l l  have to  be p rep a red  and e v a lu a te d  and a c o n s id e ra b le  m easure o f  
in - s e r v ic e  t r a i n i n g  p ro v id ed .
S im ila r ly  th e re  i s  an u rg e n t need to  e v a lu a te  th e  le a r n in g  
e x p e rie n c e s  p ro v id ed  by th e  S c o t t is h  I n te g r a te d  S cience Course s e c t io n  7 
and to  in c re a s e  t h e i r  number and a p p ro p ra te n e s s  where p o s s ib le .  T here 
i s  a l s o  a need to  c o n s id e r  f u r th e r  wh-at le a r n in g  e x p e r ie n c e s  a re  
a p p ro p r ia te  to  th e  l e s s  a b le  p u p i l s ,  th e  m idale ran g e  p u p ils  and to  th e  
g i f t e d  p u p ils '.
F in a l ly ,  s .,m .f. and p o te n t i a l  i i f t e r e n c e ,  and th e  d i s t i n c t i o n s  
betw een them have emerged a s  a s p o c ts  r e q u i r in g  f u r th e r  s tu d y  bo th  a t  th e  
sch o o l and p o s t- s c h o o l l e v e l .  The su g g ested  ohange in  n om encla tu re  i s  
one p o s s ib le  s te p  in  im proving in  im prov ing  u n d e rs ta n d in g , b u t a g a in  
has  s t i l l  to  be e v a lu a te d  in  d s ta . i l .
Comment on I n v e s t i g a t i o n  Technique .
As a l r e a d y  m e n tio n e d , th e  m ethod u se d  f o r  th e  i n v e s t i g a t i o n s  
a t  th e  t h r e e  l e v  s i s  was th e  open ended q u e s t i o n n a i r e .  T h is  was c h o sen  
to  a llo w  th e  p u p i ls :  to  d i s c u s s  i n  t h e i r  own w ords t h e  c o n c e p ts  and  r e l a t i o n ­
s h ip s  betw een  c o n c e p ts ,  and  to  a l lo w  s o u rc e s  o f  e r r o r  i n  c a l c u l a t i o n s  
t o  be  o b s e rv e d . The te c h n iq u e  was. s u c c e s s f u l  i n  show ing  th e  l i m i t a t i o n s  
o f  v o c a b u la ry  and  e x p o s i to r y  s k i l l  w hich e x i s t s  when p u p i l s  a r e  a sk e d  
to  e x p la in  b a s i c  e l e c t r i c a l  c o n c e p ts  su c h  a s  v o l ta g e  and  r e s i s t a n c e .
I n  t h e  c a s e  o f  t h e  p r im a ry  s c h o o l q u e s t i o n n a i r e  i t  r e v e a le d  some m ost 
u n e x p e c te d  r e s u l t s  a b o u t th e  p u p i ls * c o n c e p t io n  o f  t h e  v o l ta g e  o f  common 
b a t t e r i e s ,  th e  p r i n c i p l e  a n ' u se  o f  t h e  f u s e  a n d  how p a r a l l e l  c i r c u i t s  
may be  c o n n e c te d . A g a in s t  t h i s  one h a s  to  concede  t h a t  t h e  s t a t i s t i c s  
w hich  can  be i s o l a t e d  from  q u e s t io n n a i r e s  o f  t h i s  ty p e  c a n n o t be a s  
s o p h i s t i c a t e d  a s  from  s a y  th o s e  o b ta in e d  from  u s in g  m u l t ip l e  c h o ic e  
i te m s  w ith  a  l a r g e  number o f  p u p i l s .  H ?w ever, on b a la n c e ,  t h e  in fo r m a t io n  
w hich  d id  em erge, h a s  p ro v id e d  th e  a u th o r  w ith  a  c o n s id e r a b l e  v o lu m e -o f  
s o u rc e s  o f  d i f f i c u l t y  on w hich to  b a se  t u t o r i a l  m a t e r i a l  on th e  t e a c h in g  
o f  e l e c t r i c i t y  g iv e n  to  s tu d e n t  t e a c h e r s  u n d e rg o in g  p r e - s e r v i c e  t r a i n i n g .
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APPENDIX A 
DISCUSSION PAP Iff. BY D.CARTHP H .M .I.
ENERGY, 5MF AND POTENTIAL DIFFERENCE.
In  th e  in t e g r a te d  s c ie n c e  c o u rse , exchange o f energy  i s  g iven  g r e a t  
em phasis, u n fo r tu n a te ly  w ith in  th e  *0* and 'H ' g rade  p h y s ic s  co u rse  
t h i s  i s  n o t e x p lo ite d  to  th e  f u l l .
In  th e  te a c h in g  o f IMF (w hich shou ld  n ev e r be w r i t t e n  o r  ta lk e d  ab o u t 
a s  E le c tro m o tiv e  F orce) and p o te n t i a l  d i f f e r e n c e  th e  s t a r t i n g  p o in ts  
sh o u ld  be th e  energy  c o n v e r te r s  -  m icrophone, lo u d sp e a k e r , b u lb , pho to ­
c e l l  e t c .
I f  between any two p o in ts  in  a c i r c u i t  i t  i s  p o s s ib le  to  c o n v e rt from 
e l e c t r i c a l  energy  in to  any o th e r  form o f  energy  th e n  a  p o t e n t i a l  d i f f e r e n c e  
i s  s a id  to  e x i s t  between th e  two p o in ts  e .g .  w ith  e l e c t r i c a l  in to  h e a t  
in  an e l e c t r i c  f i r e ,  w ith  e l e c t r i c a l  in to  m echan ical i n  a  lo u d sp e a k e r  o r  
m o to r. We t a l k  ab o u t th e  P o te n t ia l  D iffe re n c e  a c ro s s  a  lo u d sp e a k e r , 
e l e c t r i c  f i r e  o r  e l e c t r i c  m otor.
On th e  o th e r  hand i f  between any two p o in ts  in  a  c i r c u i t  i t  i s  p o s s ib le  
to  c o n v e r t from any form o f  energy  in to  e l e c t r i c a l  en erg y  th e n  an  EMF 
i s  s a id  to  e x i s t  between th e  two p o in t s ,  
e .g .  h e a r  in to  e l e c t r i c a l  in  a  therm ocouple 
l i g h t  in to  e l e c t r i c a l  in  a p h o to c e l l  
m echan ical in to  e l e c t r i c a l  in  a  m icrophone o r  dynamo.
And we t a l k  ab o u t th e  EKF jof a  therm ocoup le , a p h o to c e l l ,  a  m icrophone 
and a  dynamo.
The energy  change ta k e s  p la c e  when th e re  i s  a flow  o f  charge (o r  an e l e c t r i c  
c u r r e n t  in  th e  c i r c u i t ) .  I f  th e  energy  change i s  J  jo u le s  when th e  charge
flow  i s  Q coulom bs, th e n  th e  IMF o r P o te n t i a l  Dd.fi'e ren ce  i s  s a id  to  be
j / q jo u le s  p e r  coulomb -  b u t th e  jo u le  p e r  coulomb i s  such an  im p o rta n t
u n i t  we g iv e  i t  a  s p e c ia l  name -  th e  v o l t .
I . e .  1 v o l t  = 1 jo u le  p e r  coulomb.
A lte rn a t iv e ly * -  I f  th e  r a t e  o f  change o f  energy  i s  W w a tts  when th e
c u r r e n t  i s  I  amps th e n  th e  EiF o r  P o t e n t i a l  D if f e r e n c e  i s  s a id  t o  be w/l 
w a t ts  p e r  amp, b u t  th e  w a t t  p e r  amp i s  such  an im p o r ta n t  u n i t  we g iv e  i t  
a  s p e c i a l  name -  t h e  v o l t  >
i . e .  1 v o l t  = 1 v o l t  p e r  amp.
Pow er sh o u ld  a lw ay s be e x p re s s e d  a s  r a t e  o f  c o n v e rs io n  o f  e n e rg y  and n o t
a s  work done p e r  u n i t  t im e ,  and  e f f i c i e n c y  d e f in e d  a s
Pow er O u tpu t 
Pow er In p u t"
T here  i s  no need  t o  in to d u c e  th e  p h y s ic s  c o n c e p t o f  w ork, b u t  s t i c k  t o  
e n e rg y  c h a n g e s .
DISCUSSION PAPSR SUBMITTED TO C3NTFAL CQ-.HITTE£ FOR SCI-SUCS -  PHYSICS 
SUB-CCMMITTE3 BY J .B .  MUIR
I . S . C .  7 and 15 -  E x t e n s i o n  M a t e r i a l
A p p l i c a t i o n s  o f  S w i t c h e s
1.  T h i s  p r o p o s e d  e x t e n s i o n  o f  s e c t i o n s  7 and 15 i s  s e e n  t o  be  i m p o r t a n t  as  i t  
r e f l e c t s  t h e  no rmal  a p p l i c a t i o n  o f  e l e c t r i c  c i r c u i t s  i n  t h e  home, i n  
a u to m o b i l e s  and i n  i n d u s t r y .  Most a p p l i c a t i o n s  i n v o l v e  u s i n g  a s w i t c h
t o  c o m p le te  a c i r c u i t  e i t h e r  m anua l ly  o r  a u t o m a t i c a l l y .  The s u p p ly  
v o l t a g e  i s  n o r m a l l y  c o n s t a n t  b e in g  e i t h e r  240V i n  t h e  e l e c t r i c  mains  
s u p p l y  o r  12V i n - a n  a u t o m o b i l e .  The main a b i l i t i e s  r e q u i r e d  from p u p i l s  
i s  t o  i d e n t i f y  when a c o m p le te  c i r c u i t  i s  r e q u i r e d  and t o  s e l e c t  t h e  
a p p r o p r i a t e  s w i t c h ,  o r  c o m b i n a t i o n  o f  s w i t c h e s ,  t o  a l l o w  them t o  do t h i s .
2 .  The b e s t  way t o  g i v e  p u p i l s  a p p r o p r i a t e  e x p e r i e n c e  o f  t h e  a p p l i c a t i o n s  o f  
s w i t c h e s  i s  t o  p r o v i d e  them w i t h  p rob lem  s i t u a t i o n s  o f  v a r y i n g  c o m p l e x i t y  
which t h e y  can a n a l y s e  i n  c o n s u l t a t i o n  w i t h  t h e  t e a c h e r  and work o u t  t h e  
a p p r o p r i a t e  s o l u t i o n  from t h e  i n f o r m a t i o n  t h e y  have a t  t h e i r  d i s p o s a l .
The h e a v i l y  s t r u c t u r e d  w o r k s h e e t  i s  n o t  c o n s i d e r e d  t h e  b e s t  way t o  g i v e  t h i s  
t y p e  o f  e x p e r i e n c e .
3 .  C l e a r l y  r e s o u r c e s  a r e  r e q u i r e d  b o t h  by t h e  pu p i l s  and t h e  t e a c h e r s .
I t  i s  s u g g e s t e d  t h a t  t h e  f o l l o w i n g  r e s o u r c e s  be p r o v i d e d
(a)  A summary s h e e t ,  i n  a p p r o p r i a t e  l a n g u a g e ,  r e c a p i t u l a t i n g  t h e  e l e c t r i c  
c i r c u i t  and t h e  need  f o r  a c o m p le te  c i r c u i t ,  a s  i t  a p p l i e s  t o  o p e r a t i n g  
a lamp,  an e l e c t r i c  m o to r ,  a b e l l  e t c .
(b) A summary s h e e t  r e c a p i t u l a t i n g  t h e  f u n c t i o n  and c o n s t r u c t i o n  o f  a s w i t c h .
(c )  An i n f o r m a t i o n  s h e e t  l i s t i n g  t h e  main t y p e s  o f  s w i t c h  i n  common u s e .  
Examples  o f  how ea ch  t y p e  o f  s w i t c h  m ig h t  be u s e d  s h o u l d  be  g i v e n .
The t y p e s  o f  s w i t c h  which  s h o u l d  be i n c l u d e d  m igh t  be  -
s i n g l e  p o l e  s w i t c h
d o u b le  p o l e  s w i t c h
s i n g l e  p o l e  cha ngeove r  s w i t c h
do u b le  p o l e  c h a n g eo v e r  s w i t c h
t e m p e r a t u r e  c o n t r o l l e d  s w i t c h
l i g h t  c o n t r o l l e d  s w i t c h
t i l t  s w i t c h
f l o a t  s w i t c h
p r e s s u r e  s w i t c h
r e l a y .
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(d)  Prob lem  c a r d s  i d e n t i f y i n g  p r a c t i c a l  s i t u a t i o n s  r e q u i r i n g  
t h e  u s e  o f  s w i t c h e s .  These  c a r d s  s h o u l d  d e s c r i b e  t h e
p r a c t i c a l  p rob lem  and i d e n t i f y  p o s s i b l e  s w i t c h e s  t o  be u s e d .
The p u p i l s  s h o u ld  d e s i g n  t h e  a p p r o p r i a t e  c i r c u i t  t o  g i v e  t h e  
d e s i r e d  e f f e c t  and t h e n  b u i l d  and t e s t  i t .  A l i s t  o f  p o s s i b l e  
examples  i s  g i v e n  i n  Appendix I .
( e )  D e t a i l e d  i n f o r m a t i o n  s h e e t s  f o r  t h e  u s e  o f  t e a c h e r s  and p u p i l s  
g i v i n g  p o s s i b l e  s o l u t i o n s  t o  t h e  p r a c t i c a l  p r o b le m s .
I t  i s  a n t i c i p a t e d  t h a t  t h e  s h e e t s  w i l l  be h e l p f u l  t o  t e a c h e r s  
who a r e  u n f a m i l i a r  w i t h  t h e  c i r c u i t s .  They would a l s o  be 
s u i t a b l e  f o r  f u t u r e  r e f e r e n c e  by p u p i l s .
D r a f t  spec im ens  a r e  g i v e n  i n  Appendix  2.
4.  A u n i t  o f  t h i s  k i n d  i s  v e r y  i m p o r t a n t  a s  i t  r e f l e c t s  what  most  p u p i l s  
w i l l  e x p e r i e n c e .
As i t  does  n o t  r e q u i r e  t h e  c o n c e p t s  o f  v o l t a g e ,  c u r r e n t  o r  r e s i s t a n c e  
t o  have  been  m a s t e r e d  b u t  s im p ly  t h e  c o n c e p t  o f  t h e  c o m p le te  c i r c u i t  i t  
i s  s u i t a b l e  f o r  u s e  by t h e  l e a s t  a b l e  p u p i l s .  C l e a r l y  f o r  such  p u p i l s  
t h e  a p p l i c a t i o n s  w i l l  p o s s i b l y  be  s im p le  ones  b u t  t h a t  does  n o t  make 
them any l e s s  r e l e v a n t .
J  B Muir
J o r d a n h i l l  C o l l e g e  o f  E d u c a t i o n
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I . S . C .  § §  7 and 15 -  E x t e n s i o n  M a t e r i a l
A p p l i c a t i o n s  o f  S w i t c h es
2 ,
3,
4,
5,
6 ,
7,
8 , 
9,
10,
11 .
12 .
13.
14,
15.
16, 
17.
S w i t c h e s  and 
Com bina t ion  o f  S w i t c h e s
Two s w i t c h e s  i n  s e r i e s
Two s w i t c h e s  i n  p a r a l l e l .  
I l l u m i n a t e d  s w i t c h
S e v e r a l  s w i t c h e s  i n  s e r i e s  
S i n g l e  p o l e  d o u b le  th row s w i t c h
A p p l i c a t i o n
i g n i t i o n  s w i t c h  + w i n d s c r e e n  w i p e r  s w i t c h
c a r  c o u r t e s y  l i g h t  s w i t c h e s  
door  b e l l  push
c o m b i n a t i o n  l o c k
two way s w i t c h i n g  -  u p s t a i r s / d o w n s t a i r s  
l i g h t
Double p o l e  d o u b le  th row s w i t c h  r e v e r s i n g  s w i t c h
Double p o l e  d o u b le  th row 
s w i t c h
T e m p era tu re  c o n t r o l l e d  s w i t c h  
R e lay
I s o l a t i n g  s w i t c h  
Sequence  s w i t c h e s
L og ic  s w i t c h e s
(a)  two s w i t c h e s  i n  s e r i e s
(b)  two s w i t c h e s  i n  p a r a l l e l
L i g h t  c o n t r o l l e d  s w i t c h ,  p h o t o  
d i o d e ,  p h o t o  r e s i s t o r
Reed s w i t c h  
T i l t  s w i t c h
F l o a t  s w i t c h  
P r e s s u r e  s w i t c h
i n t e r m e d i a t e  s w i t c h  f i t t e d  i n  m id d le  o f  two 
way s w i t c h i n g  c i r c u i t
t h e r m o s t a t s
rem ote  c o n t r o l
model  r a i l w a y  p o i n t s
t r a f f i c  l i g h t  c o n t r o l
AND g a t e  
OR g a t e
b u r g l a r  a l a r m ,  t i m i n g  o f  v e h i c l e s
w e a t h e r  p r o o f  s w i t c h
c o n t r o l  o f  i n t e r n a l  l i g h t  f o r  deep  
f r e e z e  c a b i n e t
low l i q u i d  l e v e l  w a rn in g
low p r e s s u r e  w a rn ing
J  B Muir -  J o r d a n h i l l  C o l l e g e .
AIT'ENDIX r . Z
.A pp lica tions  o f  Switches -  1
Two sw itch es  in  s e r i e s
I g n i t io n  sw itc h  + w indscreen  w ip er sw itc h
o~
A -  a c c e sso ry  sw itc h  c o n t ro l le d  by ig n i t i o n  key
B -  w indscreen  w ip e r m otor sw itc h
C -  w indscreen  w ip e r m otor
Sw itch  A Sw itch  B M otor
open open sto p p ed
c lo se d open sto p p ed
open c lo se d sto p p ed
c lo se d c lo se d ru n s
A ] 'J\i. , \J) 1 X y ,2. 150
A p p l i c a t i o n s  o f  Sw itches  -  2
Two sw itch es  in  p a r a l l e l
Car c o u r te sy  l i g h t
+ 0
A -  sw itc h  on n e a rs id e  door -  sw itc h  i s  open when door i s  c lo se d  
B -  sw itc h  on o f f s id e  door -  sw itc h  i s  open when door i s  c lo se d  
C -  c o u r te sy  l i g h t .
S w itch  A Sw itch  B c o u r te s y  l i g h t
open open o f f
open c lo se d on
c lo se d open on
c lo se d c lo se d on
a p p e n d i x  d_ . 2  131
A p p lic a t io n s  o f  Switches -  3
I n d i c a to r  l i g h t  in  sw itc h
Door b e l l  push sw itc h
o
■+6
-  0
In  t h i s  a p p l ic a t io n  th e  lamp i s  connected  in  p a r a l l e l  a c ro s s  th e  sw itc h . 
T his com bination  i s  in  s e r i e s  w ith  th e  d o o rb e l l .
When th e  sw itc h  i s  open, th e  lamp i s  in  s e r i e s  w ith  th e  doo r b e l l ,  and 
s u f f i c i e n t  c u r r e n t  e x i s t s  in  th e  c i r c u i t  to  l i g h t  th e  lam p. The c u r re n t  
i s  n o t s u f f i c i e n t  how ever to  r in g  th e  b e l l .  When th e  sw itc h  i s  c lo s e d , 
a  s h o r t  c i r c u i t  e x i s t s  a c ro s s  th e  lamp w hich goes o u t .  The door b e l l  i s  
co n n ec ted  to  i t s  p ro p e r sup p ly  v o l ta g e ,  and th e  c u r r e n t  i s  th e re fo re  la rg e  
enough to  make i t  r i n g .
------
sw itc h
..... . ■
lamp b e l l
open on s i l e n t
c lo se d o f f r in g s
J B Muir  -  J o r d a n h i l l  C o l l e g e  o f  E d u c a t i o n
A p p l ic a t io n s  o f  Switches -  6
R evers ing  Switch
AP P E N D I X  b . 2
Double p o le , double throw  sw itc h
I %
C!/
/
O
v!*'
( a )
Sw itch
P o s i t io n
M otor P o la r i ty M otor R o ta tio n
1 A + ve B -  ve c lo ck w ise
2 A -  ve B + ve a n t i- c lo c k w is e
[The double po le  double throw  sw itc h  a c t s  a s  two sw itch es  coup led  to g e th e r .
I t  i s  p o s s ib le  e i t h e r  to  connec t th e  su p p ly  to  th e  in p u t te rm in a ls  o f  
th e  sw itc h  o r  th e  m otor. The a l t e r n a t i v e  a rrangem en ts  a re  shown above.
The sw itc h  i s  e i t h e r  in  c o n ta c t  w ith  1 o r  2 so  th e re  i s  no q u e s tio n  o f  
th e  c ro s s  w ir in g  ca u s in g  a  s h o r t  c i r c u i t .
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Logic Switches
AND g a te
In  w in te r  i f  th e  ro ad s  a re  d ry  and th e  te m p era tu re  i s  above f r e e z in g  p o in t 
th e re  i s  no danger o f ic e  b e in g  form ed. I f  th e  ro ad s  a re  w et and th e  
te m p era tu re  i s  below f r e e z in g  ic e  w i l l  be form ed. Ve a l s o  f in d  th a t  i f  
th e  ro ad s  a re  d ry  and th e  te m p era tu re  f a l l s  below f r e e z in g  p o in t  no ic e  
i s  form ed and i f  th e  ro ad s  a re  w et b u t th e  te m p era tu re  i s  above f r e e z in g  
p o in t no ic e  i s  form ed.
We can draw up a  t a b le  to  co v er th e se  p o s s i b i l i t i e s .  We head th e  column f o r  
wet c o n d itio n s  as "R ain" and f r e e z in g  c o n d it io n s  as  " F ro s t” .
Rain F ro s t Ice  Danger
no no no
yes no no
no yes no
yes yes yes
We can d is p la y  t h i s  in fo rm a tio n  in  a  d i f f e r e n t  way.
I f  th e  answ er to  th e  q u e s tio n  "does i t  r a in "  i s  "no" th e n  we can w r i te  
"0". I f  th e  answ er to  th e  q u e s tio n  "does i t  r a in "  i s  "y es"  we can w r i te  
"1 ".
S im ila r ly  i f  th e  answ er to  " f r o s t "  i s  "no" we w r i te  "0" and i f  i t  i s  "yes" 
we w r i te  "1 " .
The r e v is e d  ta b le  i s  shown below .
R ain F ro s t Ice  Danger
0 0 0
1 0 0
0 1 0
1 1 1
Such a ta b le  i s  c a l le d  a  " t r u th  t a b l e " .
J B Muir  -  J o r d a n h i l l  C o l l e g e  o f  E d u c a t i o n
1 &
We can make up a  s im ple c i r c u i t  to  g iv e  a  w arn ing  o f  p o s s ib ly  dangerous 
c o n d itio n s  when ic e  w i l l  form on th e  ro a d . T his i s  made so th a t  i f  
r a in  and f r o s t  b o th  o ccu r a  w arning  l i g h t  comes on. This i s  ach iev ed  as 
shown below..
s.z
We a r ra n g e  sw itc h  S . l  to  warn i f  r a in  i s  f a l l i n g .  I f  i t  i s  open th e re  i s  
no r a i n ,  i f  i t  i s  c lo se d  i t  i s  r a in in g .  We a rra n g e  sw itc h  S .2 to  warn i f  
th e re  i s  f r o s t .  I f  i t  i s  open th e re  i s  no f r o s t ,  i f  i t  i s  c lo se d  th e re  i s  
f r o s t .
We n o tic e  t h a t  i t  i s  o n ly  i f  b o th  sw itch es  a re  c lo se d  t h a t  th e  lamp comes 
on.
We can draw up a  t a b le  to  show th e  p o s s i b i l i t i e s .
S . l S . 2 w arn ing  lamp
open open o f f
c lo se d open o f f
open c lo se d o f f
c lo se d c lo se d on
We can a l s o  draw up a  t r u t h  t a b l e .  I f  a  sw itc h  i s  open and th e re fo re  canno t 
com plete a  c i r c u i t  we c a l l  i t  n0 " . I f  i t  i s  c lo se d  we c a l l  i t  ”1 ” . I f  a
lamp i s  o f f  we c a l l  i t  "0" and i f  i t  i s  on we c a l l  i t  "1M.
The t r u t h  ta b le  i s  shown below .
S . l S .2 w arn ing  lamp
0 0 0
1 0 0
0 1 0
1 1 1
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We n o tic e  t h a t  t h i s  t r u t h  ta b le  i s  s im i la r  to  th e  one f o r  th e  ic e  d an g er.
I t  i s  on ly  when r a in  and f r o s t  a re  a t  "1" t h a t  th e  ic e  danger i s  "1M. I t  
i s  on ly  when b o th  sw itch es  a re  a t  " I"  th a t  th e  w arning lamp i s  a t  " I " .  This 
c i r c u i t  cou ld  th e re fo re  be u sed  to  g iv e  th e  w arn ing . The w arn ing  would be 
g iven  when b o th  r a in  AND f r o s t  o c c u r.
The c i r c u i t  i s  c a l le d  an AND g a te .  This name i s  g iven  because  th e  lamp o n ly  
comes on when S . l  AND S .2 a re  c lo se d .
We can p lace  any number o f  sw itch es  in  s e r i e s  to  make a  more co m p lica ted  AND 
g a te .
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A p p lic a tio n s  o f Sw itches -  12 (b)
Logic Sw itches 
OR g a te
In a la rg e  d ie s e l  eng ine  i t  i s  im p o rtan t to  know th a t  th e  le v e l  o f  c o o lin g  
i s  h ig h  enough to  p re v e n t th e  eng ine o v e rh e a tin g . I t  i s  a l s o  im p o rtan t to  
know th a t  th e  l e v e l  o f  l u b r i c a t i n g  o i l  i s  h ig h  enough to  en su re  th a t  th e  
eng ine  w i l l  c o n tin u e  to  ru n  sm ooth ly . Ve r e q u ir e  a w arn ing  e i t h e r  i f  th e  
c o o lin g  w a te r  i s  low OR th e  l u b r i c a t i n g  o i l  i s  low.
We can s e t  o u t ou r needs in  a  t a b l e .
low w a te r low o i l danger
no no no
yes no yes
no yes yes
yes yes yes
We f in d  t h i s  tim e th e re  a re  th r e e  c o n d itio n s  when th e  eng ine  cou ld  be in  
d an g er.
The t r u t h  ta b le  f o r  t h i s  i s  shown below .
low w a te r low o i l d anger
0 0 0
1 0 1
0 1 1
1 1 1
The w arn ing  system  r e q u i r e s  t h s t  th e  lamp i s  on i f  one OR th e  o th e r  
c o n d it io n s  o c c u rs . T h is  can be ach iev ed  i f  th e  sw itch es  a re  connected  
in  p a r a l l e l  a s  shown below .
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I f  S . l  i s  c lo se d  ( l )  th e  lamp i s  on ( l ) .  I f  S .2 i s  c lo se d  ( l )  th e  lamp
on ( l ) .  So e i t h e r  S . l  a t  1 OR S .2 a t  1 g iv e s  th e  w arn ing . The t r u t h
ta b le  i s  shown below .
S . l S .2 w arn ing  lamp
0 0 0
1 0 1
0 1 1
1 1 1
This t r u t h  t a b le  i s  th e  same as f o r  th e  p o s s ib le  danger c o n d i t io n s .  
The c i r c u i t  would th e re f o r e  g iv e  th e  n e c e ssa ry  w arn ing .
T his c i r c u i t  i s  c a l le d  an OR g a te .  T his i s  because  sw itc h  S . l  o r  S .2 
p ro v id es  a  c i r c u i t  and a llo w s th e  lamp to  come on.
